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CHAPTER IV. 


;-/0P CARPENTRY. 

Secw ion I . — Of Timber. 

299. siruciiiro of Yioibvr. — Timber is the material of trees be- 
longing almost exclusively to that class of the vegetable kingdom' 
in which the stem gR)Ws by the formation of sii(;c<‘ssive layers of 
wood all over its external surface, and is therefo’ e said by botanists 
to be exotjenous. 

The excej)tions are, trees of the palm family, and troe-liko 
g^ses, such as the bamboo, which belong to the endogenous class; 
so called because, although the stem grows partly by the formation 
of layers of new wood on its outer surfitce, the fibres of that new 
wood do nevertheless cross and penetrate amongst those previously 
formed in such a ninnncr as io be niix<*d witli them in one part of 
their course^, and internal to them a.t another. 

The sti'Tiis of endogenous trees, though light and tough, are too 
flexible avul slander to furnish materials suitable for important 
works of carjwntry. They will therclorci not be further mentioned 
in this sc'ctioii (except to rt*fer to the tables at the end of the 
volume for the tenacity and heaviness of bamboo. 

The stem of an exogenous tree is covered with bark, which grjows 
by the formation of successive layers on its inner surface, at thfi 
same time that the wood grows by the formation of .successive 
layers on its outer surface. This double operation takes place in 
the narrow space between the ]>reviousl^ limned wood an(l bark, 
during the circutation ai' the ,sap. The sap ascends from the roots 
to the leaves through vessels contained in tlui outer layers of the 
wood; at the surface of the Laves it acquires carbon from the 
atmosphere, and become.s denser, thicker, and more tom]>lcx in its 
composition ; it then descends from the leaves to the roots through 
vessels containcid chiefly in the iuneinnost layers of thp bark^ It is 
believed that the formation of new wood and bark takes place 
either wholly or principally from tlie descending sap. 

The circulation of the sapJs either wholly or partially suspended 
during a poi-tion of each year (in tropical climates diinag the dry 
season, and in temperate and polar climates during the winter); 
and hence the wood and bark are usually formed in distinct layers^ 
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lacli year; but I liis rule is not universal, 
ail coiisiHts of* parts differiuj in density anfl colour to 


an extent wlfich vari " . 5T^ r". 

mi ‘ in different kinds of treijs. 

inii^lir.J Tf* "ioh'Kotli woodland bark consist ai-e distin- 

nnniite cell?- — celhdar •*is*^‘uef consisting of clustersf-of 

bundles * vascular tissue, or woody fibre, consisting of 

former J tubes; the latter being distinguished from the 

IjJ,, " ,(/S fibrous appearance. The dif -ence, however, between 

.oso two kinds of tissue, although very distinct both to the eye 

and to the touch, is really one of degree rather than of kind; for 

tlie fibres or tubes of vascular tissue are siin]>ly very much elongated 

cells, ta]K‘ring to ])oints at the ends, and “ breaking joint” with 

■each other. 


The tenacity of wood when strained alo‘'g tlie grain” depends 
on the tenacity of ^he walls of those tubes or fibres; the tenacity of 
wood when sti-aiiied “across the grain” de]>ends on the adhesion of 
the sides of ih(‘ tubes and cells to eacli other. Kxamjdes of the 
difference of strength in tliosii different directions will be given 
afterwards. 


When a. woody stem is cut ai ross, the cellular and ^ascular tissue 
are .seen to be arrange<l in the following inainuT: — 

In the centre of the stem is tlio^n'^/f, composed of cellular tissue, 
enclosed in the medullary shoaih, which consists of vascular tissue* 
of a particular kind. From the pith there extend, radiating 
outwards to the bark, thin partitions of cellular tissue, called 
tnedullary rays; between tln^se, additional iiiediillary rays ext(*nd 
iiiwai’ds from the bArk toagr(.aicr or less distance, but without 
penetrating to the ])ith. 

When the Tnedidlary rays are hirg»i and (listinct, as in oak, they 
kre called “ silver grain.'^ 

Between the medullary rays lie bundles C)f vastaihir tissue, form- 
ing the woody fibre, arraugc'd in iicai’Jy concentric rings or layers 
round tlio })ith. The.s(^ rings are tra\(ir.sed radially by the 
medullary rays. Tlic boundary between' tw'o • successive rings 
is marked more or less distinctly by a greater degree of porosity, 
and by a diffei eiicc of iia.dness and colour. 

The annua] i*ings are usuallv thicker at that side'" of the tree 


Avhieh has had im^st air and sunshine, uo that the pith is not 


exactly iii the centre. 

I’he AvooiV of the (uitire sttmi may be distinguished into two 
parts — the- outer and younger j)orti<in, called say-wood," being 
softer, w'(*aker, and less com])act, amU sometimes lighter in colo^ir, 
than the inner and older portion, called heart-ioood." The 
heart- wood is alone to he enudoyed in those w’^orks of carpentry 
in which stiei^th- an^l durability are req^iired. The boundary 
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between the sap-wood aild the ficart-wooi is in general distinctly 
marked, as*if the change|f‘i*om the ^)riuer to the latter occurred in 
the course of a single 3^ear. The following examj)Ies of the pro- 
portioTi of sap-wood to the entif-e volume fiPe given HieMuthority 
of TredgolcL (Principles of C^'f entry ^ Section X. ) ^ 

Thickness Proportion 
Diameter. Rings of ^ of of Sap- 

Inelie-' Sap-wood. Sap-wood. wood to 

Inches, whole 'J'nink 

loi 7 s O'l 

17 17 1} 0-294 

24 1 2 \ 0*416 

The following are giv<‘n dii the anthorit}' of Mr. Tlobert 

Murray, C.E. (Encyc. Jirit., Article ‘‘ Timber.”) 

'I’l oc. 


Rings of 
Sap-\\(MMl, 


yc.V‘:S-* 

Chestnut, /5S 

Calv, 

Scotch I'^ir, ^ 


Oiik (Qn^rcus jfetlunctd(ff(i)f 13 to 15 

Durmast Oak [(Jnercus sessilijlora)y 20 to 30 . 

Chestnut k(*.sv:a), • 501* 6 

El III ( U Im m va mpestris), about 10 

Larch (Larix Europtm), „ 15 

Scotch Kir (Piniis sylcestris)^ „ 30 

Memel Fir (l^itius sylcestris)^ „ ^4 

Caiuirh'riu Ytillow V'uH'i (P inns variah ills) ^ ,, 42 


The .striielure of a branch is similar to that of the trunk from 
which it springs, exc(!p§ as regards the dill'erenei* in the number of 
annual rings, corresponding tt) the tlin’ereiiet* of age. A branch 
becomes partially imbedded in lIuKse layers of the tiuuk which are 
formetl after the time of its first sja-outing; il causes a. ]>erforation 
in those layers, accompanied by distortioji <^f theii* lil>r(‘s, and con- 
stitutes what is ^-alled jj, (On vari»flis matters uumiioiied in 
this Artiel<‘, see llalfour's Manual of liolanyy Part I., chaps, 
i. and ii.) • • ' 

300 . Tlmlfbr TreeN ClaMMed — Pine-^vooil - riC‘af-^voocl.-|-For purposes 
of carpentry tre(*s ma^s^be classed according to the ^nechanical 
structure of the wood. It has a^ri'ady bi'i ii stated* tliyjt ike 
botani(!al classes of l^mlogens and Jlixogeiis correspond to essential 
ditferencca of mechanical structure. 

Jn fui*ther dividing the cljss of Exogenous trees, or timber-trees 
proper, according to the structure of the wood, a division into two 
classes at once suggests itself, which exactly corresponds with a 
botanical division, viz. : — 
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MATERIALS STRUCTURES. 

Pine-wooci, comprising all tiiaboi'trecs belonging to the coniferous 
order; and ' % . ^ 

conipi’isiii<^ iill oLliei* tinibei “trees. 

Beyoini tliis ] ^iiiiMry mvisioii, the place of a tree in the botani- 
cal system ^as fitlh* or no coniieotmn with tlie structure of its 
timber. 

A elassificatioii of timber according to its nicclianical structuiie 
was ja-oposed by 'i'je<Igokl, founded, irt’ the first place, on the 
givatiT or Jess distinctness of the mcduJlaiy rays; and secondly, 
on (lie greater or loss distinctness of the annual rbigs. According 
to that (ilassificatioii, ])ine-wood, or coniferous timber, is placed in the 
same class with l(‘af -wood that has the medullary rays indistinct; 
and this is ceitainly a fault in the system. If, however, pine- wood 
be placed in a class ajiart, Tredgold’s syst«»m may very well bo 
a])plicd to di\ id(^ and subdivhhj the class of h‘af-wood; but it is 
to be obsi'rv'iid that the characters on which that system is 
founded, lujiug mere dilfereiices in degree, and not in kind, are not 
of tliat didinite sort Nvhich a thoroughly satisfactory system j|of 
classitioatioii rc'cpiires; and if tiny are adopted, it is because no 
better set of distiuguisliiug cbaraci(u*s lias y(‘t beiui proposed. 

The folloNNing is a condensed vi<*,w of tbe classitication of exo- 
genous limber, as above described : — 

CLASS I. IhNE-wooD. (Natural ordiu* — Examples; 

— l*in(‘, Fir, Larch, Cowri(‘, Yvsvy Cedar, Juni- 
])er. Cypress, cVe. 

CLASS IL-^Leae AVooj>. (Non-con iferous (rces.) 

Division 1. With distim*t largti nedullary rays. (The 
^ trees in this division foi'in part of the 

mitur:d order Amentacece.) 

JS^dh/lriaion. L. Annual rings distinct. — Example; — 
Oak. 

Subdivision fl. Anunal rings indistinct. — Exain})le.s : 

* — I ieecli, A Ider, Plane, Sycamore, &c. 

Division 11. No distinct Ja'ige medullary rays. ^ 

^^JSubdi vision 1. Annual rings distinct. — Examples; 

^ — Chestnut, Ash, Elm, &c. 

^ Subdivision}!. A/nual rings indistinct. — Examples; 

— IVlahogany, Walnut, Teak, Poplar, 
Box, tke. 

The chief practical bearings of this classification are as follows: — 

Pine- wood, or coniferous timber, in most ca.sos, contains turpentine. 
It is distinguished' by sltraightness in the fil)re and regularity in 
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the figure of the trees; qullities favoumhle to its nse in carpentry, 
especially wfiere long piec(|i are I’eipiiped to bear either a direct pnll, 
or a transverse load, or for purjioses of planking. At ilie same 
time, the lateral adhesion of tli5 fi)»res is j^iftill ; so^^liat^ft' is much 
more easily shorn and split alQn;^r the grain, or torn asijnder across 
the grain, than leaf- wood; and is therefore less fitted to resist 
thrust or shearing stress, or any kind of stress that docs not act 
along the fibres. Even t.^-e; touglu*st kinds of pinf-wood are easily 
wrought. A peculiar characterislii- of j line-wood (but one which 
requires the microscope to make it \ l'^ll•Ic) is that of having tlie 
vascular tissue j^unctated that is to say, tln'ro arc small lenticu- 
lar hollows in the sides of the tubular fibres. This structure is 
probably connected with the smallness of tll(^ laitiial adhesion of 
those fibres to each otl*‘r. • 

Til Leaf- wood, or nou-couiferons timber, there is no tiirp(aitine. 
The degree of distinctness with which the* structure is'setm, 
whether as regards medullary rays or annunl riiij^s* deponds on tlie 
degree of diflcrtaice of texture of different jiarts of the wood. 
Such difference tends to produce unequal sliriuking in drying; and 
conse(piently those kinds of tiinb(‘r in which tlie inednllary rays, 
and tlio annual rings, ar<* distinctly niarlcrd, an* mon^ liable to 
warji than those in Avliieh tlie. texture i.s men* uuiforni. .At the 
same time, tlie foi*uier kinds of timber are, on the wlioh-, tin* more 
flexible, and in many cases aro a c ry touoli and strong, whif‘h 
qualities njaike th(‘in suitable for struetnr(‘s that liaAc* U) bear 
shocks. 

301. Apprnranff of aooci Tinibi^i*. — T]ic‘re. ai*(5*certaifi a])])earaiiees 
which are characteristic of strong and durable* timber, to Avliat class 
soever it belongs. * 

In the same species of timb<*r, that specimc'M will in general be 
the strongest and tlie most durable w I lich bas giown tlic sloAvest, 
as shown by th<^ narroAvness of the; annual rings. 

The cellular tissues as seen in thc^ medullary rays (when visible) 
sliould bo hard and compact, • 

The vascular or filmnis tissue .sin mid a*Ih<‘re firmly togothc*!’, and 
should show no Avooliuess at n freslily-e«it'surt'aee, nor should it 
clog the t€*ctTi of the shav Avitli loose fibres. , 

If the Avood is eolonrc^l, darkness of colour is in geiicn-al a sign 
of strength and durability. • • ^ 

The freshly-cut surface of tlie wood sliould bi^ fii*ni*aiid sliining, 
and should haA’^e soniewliat of a hiinslnccait aj)])earancc. A dull, 
chalky api)earance is a sign ept bad timber. 

In wood of a given species, the heavier specimens aro in general 
the stronger and the more lasting. 

Amongst resinous woods, tho.se wliich liavc least resin in their 
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pores, and amongst iiou-rt'sinous woods, Jthosc which have least sap 
or gum in thciti jn*e in genera^ the stronj;e.st and most lasting. 

it is stated hy some iiutliors that in pine- wood, that which has 
most saff-vv#><)d;»p]id in ^c^if-wood, that which has least, is the most 
dnrahic; liut the iiiiiv(*rsality of lliw law is doubtful. 

'riiiilxj' .'djiJiild be free from suen blemishes as clefts, or cracks 
radiating fioni th(‘ c^‘ntr^^; “cup-shakes,” or cracks whicli ])artially 
se])arat(j one annual layer from another ;' upsets,” where tlie fibres 
liave lM*en ej ij)pled by compression; i ind-gslls,” or wounds in a 
Jayei* of th(‘ wood, which have been covered and concealed by the 
gi-ow th of subseqiuMit layers over them ; and hollows or spongy 
]»ia(M's, in the eentie or elsewhere, indicating the conimencement of 
decay. 

th)3. li)xniiipl<‘!4 «f IJItirrh* Cowrie, C-U'iliiis Ac# 

— Tin; following are examples of timber of this class: — 

I. Ping timber ox tin' best sort is tln‘ produce of thti Ped Pine, 
or Scottish \^\y {Pinuss stilrestris)^ grown in Norway, Sweden, liiissia, 
and Poland. 'Phe b('s( is (‘xportt'd from Piga, tlui next from Meun 1 
and from Dantzio. 'Phe same spocitvs oftrcH* grows also in Jlritain, but 
is iiiferior in strength. The ainiual rings, wlien tliis timber is of the 
best kind, consist of a liard jiart, of a clear dark-rcul colour, and a 
less hard part, of a lighter colour, but still clea)* and compact. 
'Ph(! thickm'ss of the rings should not exceed oiie-t(‘ntli of ati inch. 
'Phe most common siz<; of the logs to be nnd with in thcj inark(*t is 
about 13 inches sipiare. This is the best of all iimbet*.for straight 
biMims, sliiiight ti(‘s, and sti*aight pieces in Iranu^work g(‘nerally, 
and for the; s])ars of sliips. 

Pine timber ha- the same pnrpo.ses is also olitained from various 
oth/‘r s[)ecies, ehiidly North American, of which the best are the 
Yellow Pirn- {rhuis variahUla)^ and White Pine {Pimis Strobus). 
It is softer and less durable than the Ped Pine «>f the North of 
Kui’ojie, but lighter, ami can b(‘ had in larirer logs. 

II, WiiiTG PiH, or >)i-:a]. tind)er of tlie best kind, is the produce 

of the Sjinice Fir ), grown ui Norway, Sweden, and 

Piissia. The best is that known as Cliristiania Deal. Much of 
this timber is sawn ‘n|V for sale ir^to pieces of various thicknesses 
siiit(‘d for planking, whic h, 

when 7 iiieh(‘s broad are calle<l “ /yo7/x'>/.v.” 

*v\lieii 1) ,, deals.'' 

wIhmi 11 „ „ ))liinks." 

Thi'v are to be had of v.irious length.*'’-; but the most usual length is 
about 13 1‘eet. ^ 

'Phis is an excellent kind of timb«*r for jdanking, light framing, 
and joiners’ wo|*k, and/or the lighter spars of ships. 
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Amongst otlier kinds of sinuicc fir, -applied to tlie wirne pur- 
poses, are Nortli Ai]|cric:in White Spruce alba), and 

Black Spruce {Abies nigra). * 

ITT. The Larch {Larix Fin^piva), grt#\#n in vAi-iofts parts of 
Europe, furnislies timber of gr%*it stnuigth, and rein^irkabhi fur 
durability wlien ex[)()sed to tli# wt‘atlK‘r ; but liarder to work and 
more subject to warp tlian ivd ]>ine. The best- sort lias the harder 
part of the rings of a dar^^ red, and •softer jnirf of a honey -yel- 
low; and its rings are soni(‘what tin -k- '■ than those of l ed ])ine. 

Two North AnuM-iean species, the J>Lick Larch, or Hackmatack 
{Larix penthifa), and tin* Red Lanih {Larix microca rpa), produce 
timber similar to tliat of tin* Eurt)[K‘an Larch. 

fV. The C’oWKiK oi- T\ AWiUE {Dammara A^isfralis), a coniferous 
tree, grown in Ni^w Zealand, produfes timber similar in its pro 
perties to the best kinds of pine, t‘vc(‘pt tliat it is said to be more 
liabhi to warp, and more variable in quality. Jt is of a- brownish- 
yellow coloni*, and imav^ unifoi-ni in itstexlure (han red pine and 
larch. * 

\ . The term (hcovit is ap}>licd, not only to the timb(‘r of the true 
Cedar {Cedrus Libani), but also to that of \arious large sjiecies’of 
Juniper (such as J auiperns Virgiuhina) and <jf (Vpress. All thes(! 
kinds of woo<l ar<* reniarkabh* for durability, in whicli tJiey excel 
all otlua* tiinlxTj but they are dciiciout in .strength. 

303 . Kxfiiiiivlrff of Yirnl«woocl -Onk. Ali1i‘i% l*lfiiir. Kycnmore. 

— The kinds of timlu'r which head ihis article belong to tlu‘ first 
division of *TVedgol<rs system, being that in A\hich there art* <lis- 
tinct large medullary rays. Of the examples <*itcd, tlie (Jak alone 
belongs to the first subdivision, in which the divisicais between tin* 
annual rings are distincfly marke*! by <*ircles of poies. The ot^ier 
examples belong to the second subdiv isi(»n, in vvhicli the rings arc? 
less distinctly marked. 

J. Oak timber, the strongest, touglavl,and most lasting of those 
grown in tem]»crate climates, is the j^roduc^ ofxarie.us specie's or 
varieties of the bfytanical^eniis (jarrens. Euro]H* there arc two 
kinds of oak trees; and it is doubtful \TlM*lh<‘r rluy are distinct 
species or \'ari<'tics of (Ukj S]»e,cie.«* They am*-^ 

Th<j ohl hJfiglish Oak, or Stalk-fniit<*d Oak {Querciis Robur, or 
Queretts pechmcnlafa), in r hich the acorns gi-ow on stalks, and the 
leaves close to the twig, and ^ ^ 

The Bay Oak, or Cluster-fruited Oak sessiliJfora),m whicdi 

the acorns grow in close clusters, and the leaves have slK)rt stalk.s. 

Both those kinds of oak ^ome ’to their greatest })erfection in 
Britain. 

The wood of the .shdk -fruited oak is lighter in colour, and has 
more numerous and di.stinct medullary rays than that of the 
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cluster-fruited oak, iu Vliicli they are souietimes so few and indis- 
tinct as to ])av€ caused it in some old buildings to be 'mistaken for 
chestnut. Tlie stalk-fruited dak is the stiffer and the straighter- 
grained of ^he^wo, thrtaasicr to w©rk, and the less liable to warp; 
it is therefore preferable where |tilliiess and accuracy of form are 
de,aii‘cd ; tiff, cluster-fruited oak isfthe more flexible, which gives 
it an advantage where shocks have to be borne. 

I'Jjc best oak timber when new is of a ^lalc brownish-yellow, with 
a p(‘rcej)tible shade of green in its composition, a firm and glossy 
surface, very small and regular annual rings, aed htird and com- 
pact medullary rays. Thick rings, many large pores, a dull 
surface, and a reddish, or “ foxy” hue, are signs of weak and 
j)eri8hablc wood. 

Jt is c<msidered tliat oak timber comes to maturity at the age of 
100 y<‘ars, at which period each tree produces on an average about 
7i) cubic feet of timber; and tluit it should not be felled before the 
Bixtieth year of its ag(;, nor later than the 200th. 

'fhe species of oak in North America are very numerous. The 
best of them are, the f{<‘d Oak ((Jifeincs rtthra)^ and White Oak 
(Querem alba\ which are little inferior to the best European 
kinds, and tlie Jiive Oak {Querevs virens) which is said to bo 
superior in strength, touglmess, and durability, to all other species, 
but is so rai’c as to be reserved exclusively for ship-building. 

The wood of the oak contains gallic acid, which probably con- 
tributes to the durability of the timber, but tends to coiTode iron 
fastenings. 

Tlie follo^ting ate examples of trees belonging to the second 
subdivision : — 

IT. JIeecii {Fngtts sylvatica), common-^in Euro]:)e; 

fiL Alder {A Inns ghUinosa), also common in Europe; 

IV. American Plane (Plata^ms occidentalis)f common in North 
America, 

V. Sycamore {Aa^r Fsendo-pl<i.tamis)y also called Great Maple, 
and m Scotland and the iNoi'th of England, Plane; common in 
western Europe. 

All thes<i afford compact timb^T of uniform texture. They are 
not used for great works of car]»eiitry ; hut are valuable where blocks 
of wood 1li*e required to resist a crushing force. They last well 
whei^ cofiskintly wet, and therefore suited for piles that are to 
be always under water; but when alternately wet and diy they 
decay rapidly. 

304. I^ear-wood continued* — Cbc8tn|^t, A«h« Kim.— -The examples 
of timber in this article belong to the first subdivision of the 
second division, according to Tredgold’s system, having no large 
distinct medullary ravs, and having the divisions between the 
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annual rings distinctly marked by a more«porous structure. They 
are in general strong, bu| flexible. * 

I. The Chestnut (Cashuiea vescai^ yiohls timber resembling that 
of the cluster-fruited oak, cxc<'^)t that it ^ ^without lar^e medullary 
rays, and has less sajj-wood. Its prop«irtics 1*6861111)16 those of oak 
timber, except that the chcst^iflt timber is less duralAe, especially 
when obtained from old trees. 

II. The Ash {Fraocinus excelsior) furnishes timber whose tough- 

ness and flexibility render it superio. ic tliat of all oilier Kiiropean 
trees for making handles «)f tf>o]s, of carriages, and the like; 

but which is not suilieienily still* and dnrabh* to bi‘ used in great 
works of cai'peniry. ^fht* colour of the wood is like that of oak, 
but darker, and with more of a greenish hue; the annual rings are 
broader than those of oak, and the ditference between their com- 
pact and porous j)arts*inore mai'ked. 

III. The common Elm (I'hnus campestrls) and Smooth-leav(‘d 
Elm (Ulmus glabra) yield timber Avliieh is valued for its durability 
when constantly wet, and is specially siiilc'd for [Xles and for plank- 
inf4 in foundations under water. Its strength across the grain, 
and its resistance to crushing, are compai-ativtdy gri‘at; and these 
properties render it useful for some )>ait.s of mechanism, sucli as 
naves of cart wlie<ils, shells of ships’ blocks, and tlu' like, it is 
not suited for gr<‘at woi*ks of carpentry. TJau'e an* otlu*r Ruropcan 
species of elm, such as tin* VV^ycli Rim {Uhnns 7 nontaHa)y but their 
timber is infl'rior to that of the two species uaui(‘d. 

A Nortli»Anu‘i*jcau species, the Rock Rim, is said to bo not only 
durable under water, but straight-grained and tough, so as to bo 
well suited for long beams and ties. 

305 . l^caf-vrood coiiliiyic'd.— ]Vlaho|j;nny, Tcnk, C^rcenhenrt, Iflorn. 
— These kinds of timbtjr are exam])les of the s(3Coud subdivision 
of Tredgold’s second division, having no largo distinct medullary 
rays, and no distinct dilf<.*rciicc of roiupactjioss in the rings. 
This uniformity of structure is accom})ani(‘d by comparative freedom 
from warping. » • • 

I. Mahogany {Swief^nia 7 nahogani)^\s produced in Centml 
America and the West Indian Islands, that* of tlic former region 
being cominoj/ly known as “ Ba/ Mahogany;” that of tlie latter as 
“ Spanish Mahogany.” When of good quality, it is vi3r}vjstrong in 
all directions, very durable, and preserves its shape unde» va^ing 
circumstances as to heat and moistui^ better than any other Kind 
of timber which can be procured in equal abundance. Mahogany 
varies much in quality; bay mahogany being in general superior 
to Spanish mahogany in streifgth, stiffness, and durability, and in 
the size of the logs. Spanish mahogany is tho more highly valued 
for ornamental purposes. 
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Spanish mahogany disLinguisIuid by having a white chalky 
substance in itsjiporos, fcliose of bay maho^iny being eni]it,y. 

II. Teak {Tectona (jraudhy^ from its great strengtii, stifTiiess, 
toughness, and ./liiraliili^y, is the iv-ost valuable of all woods for 
carpcntiy, especially for ship building. Jt is produced in the 
mountaiiiou.'i disU icLs of south-easuyfii i\sia and the East India 
Islands, host conics from Malabar, Ceylon, Johore, and Java. 

Cood rcs<\nbh‘,s oak in colour ainl lustn*, is very uniform 

and coinj);u*t in texture, ainl has v(‘ry narrow at-/* ri'gular annual 
rings. It contains a ri'sinous, oily matter in its ponv, in order to 
extract which, tlie tri'o is sometimes tapp(‘d ; but this injures the 
strength ami durability of the limber, and ought to be avoided. 
Insects do not attack t(‘ak, and iron is not corroded by contact 
witli it, unless it has bi'cii growy in a marshy soil. 

IJI. Gkeenueakt [NeolHiulra Rodial^y a tiV'c of British Guiana, 
yields a very sti*onjf ami durable timber, cousidn-ed of the first 
quality for ship-ruiilding and all kind.'; of carpentry, and also for 
pih’d foundation^ jCml <»th(‘r strnctiirt's under water. 

IV. (.I/o;ve also a, tree of British Guiana, yif'idw 

u first-class timber for ship-buihling. 

«1()6. liCar*t«<iocl €onlhiiic‘«l. — Iroti-biirk* Blue- Jnrrnli. — 
I’hese are three of ih(‘ numerous .spcci(‘s of tlie genus Km'ahjidns, 
}>cculiar to Australia, ^fliey yield tinder of great size, strength, 
and durability; and that of the iron-hark, iii particular, is li(‘ld to 
be of the first class for shipbuilding. The wood of iroiebaik 
is white or yellowi.sh ; that of blue-gum, straw -eol(>u red ; that of 
jarrah resembles iwaliogauy, and is sometimes called “.Aus- 
tralian Mahogany.’’ 'riu' Kucali/pti^ in coininou with some other 
Australian tre<;s, are distinguishes! from the trs'cs of f)ther ((uarUTs 
of tTie globe by being more easily sjdit in coneentric layers, than in 
planes radiating from the ]»itii ; .anrl tin* most Ireqnont blemish in 
their tiiii!)er is tlie occurrence of cylindrical clefts of that kind, 
filled with gum. 

30V. ■•■fliintrc of ft nii«l C'lininir ^ii Treesi, — Most timber trees 
arc capable of flourishing .hi a great variety of soils, ’^fhe best soil 
for all of them is onv .which, witjiout being too dry and porous, 
allows water to escape freely, such as gravel mixeil with sandy 
loam. 

Tfie most injurious soil to trees is that of swampy ground con- 
taining stagnant water: it fiover l.iils to niake the timber weak 
and perishable. 

As to the influence of climate, two general laws seem to prevail : 
that the strongest timber is yielded, amongst different specAes of 
treed, by those produced in trojiical climat(?s; and amongst trees of 
iiie same species, by those grow'n in cold climates. The first law it 
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exemplified in such woods as tc^ak, iron-Arood, ebony, and ligniira- 
vitse, surfiLssing in streMgtli all those of tcmperntc climates: the 
second, in the red pine of Norway, coinpai-ed with that of Scot- 
land, in the oak of Ilritain compart J-witli that .)f Italy, and 
even in the oak of Scotland and the North of Kngland, as compared 
with that of the South of Knj^aiid. 

308. A«e and SrnMoa for friliufc Tiinbrr. — Ther(3 is a Certain age 
of maturity at wliicli each tree attains its gn .;test strengtli and 
durability. If cut d«>wii before that age, tlie tre(‘, b(*sidi‘S being 
smaller, contains a greater jiroportion of sap-wood, and even the 
h. irt-wood is less strong and laslin^ li* allowial to grow mneli 
biiyond that age, the eiaitre of the li<<' begins either to beeomo 
brittle, or to sid'ten, and a decay cominenc(‘s by slow degrci's, 
which finally remhTS tlie h(‘art hollow. ag«‘ of maturity is 

therefore the best ii^o fur felling the tree to ])rodnee timber. The 
following data I'espccting it are given on the anihority of Trcd- 
gold 

Ago of 

ViVMs. 

Oak, I r,oto.oo 

( average too 


Ash, Elm, Lareli, 50 to 100 

h"ir, 70 lo 100 


The best season for felling timber is that during which the 
sap is no(Trir#idating — tliat is to say, th(i wintm', or in tropical 
climates, the dry season; for the saji tends to <leer/mi»oso, and so 
to cause d«‘eay of the timber. The best anthoritii'S recommend 
also, as a ineaiis of bardeiiing tin; sap-uocul, that the bark of 
trees whi<*h are to bo felled should be strijiped off in tin? [uveeding 
spring. 

1 mmediately aft(*r limlM'r has been felliMl, it should be .sv///am/, 
by sawing off four “ slabs” from the log, in order to give the air 
access to the wood and hasten its dr} i.'ig. If the log is largo 
enough, it may be sawn into <|uarters. • 

309. N€n«*oniiiKf iVniiirnl niid^ Ariifii'inl.;: — , Seasoning timber con- 
sists in exi'elling, as far as iiossihle, the moisture which is con- 
tained in its ] lores. 

Natural Seasoning is performed simjdy by ex])osing the timber 
freely to the air in a dry place, sheltt^red, if possible, from siuishine 
and high winds. The seasoning yard should be paved and well 
drained, and the timber sunported on cast iron bearers, and piled 
so* as to admit of the free cn'culation of air over all the surfaces of 
the pieces. 

Natural seasoning to fit timber for oarpenters’ work usually 
. 2 o 
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occupies about two yciur.-; for joiners’ work, about four years ; but 
much longer peyods ura sometimes employed. ^ 

To steep timber in AVjiter foua fortnight after felling it extracts 
part of tlni syj), nnd Tiud^CiJ tlie drying in-ocess more rapid. 

The best nn tliod iA' A rt'{/lcAal Seasoning consists in exposing the 
timber in a* eliambor or oven to%cuiTent of hot air. In Mr. 
Davison’s ]n*o(*ess, t]n5 current of air is impelled by a fan at the 
rate of al)ont 10^fc»i‘ect ]>cr second; and the fan, air-])assngos, and 
cliainbcr ai*e so pro])ortion<*d, tliat one-third of ibe volume of air in 
the cli.nnber is bbjwn through it per minute. TIm' best temper- 
iil ni-4i for tin; hot air varies witli the kind and dimensions of the 
tiinbor; thus, for 


Oak, of any <limensions, tjie temperature 

sliould nf)t exert'd 

Leaf-woods in grneial, in logs oi* large 

pieces,....! 

Pine woods, iiv thick pi(‘ces, 

,, in tliin boanls, 

. Bay mahogany, in boards one imdi thick,... 


105° Fahr. 

90° to 1 00® 
120° 

180° to 200® I- 
280® to 300® 


The time recpiirod for drying is stated to be as follows: — 

'^I'hickness in inches, i, 2, 3, 4, 6, 8; 

Time in weeks, i, 2, 3, 4, 7, 10, 

tin" current o,f hot air being kejit up for twelce fiouvs per day 
01 dy. 

The drying of timbi*r by hot air from a furnace has also been 
practised successfully by iMr. James Kolfiu-t Najmu’, in a brick 
chamber, through which n current is produced by tin* draught of a 
chinimy. The e«]uable distribution of the hot ah* amongst the 
pi(‘ces of timber is insured by introducing the hot air close to the 
i-ool' (tf the chainbm*, jirnd drawing it olf through holes in thti floor 
into an undei-ground ilue. The hot ir «u entering, being more 
rare than that alr(*ady in the chamber, which is partially cooled, 
eiu*ca.ds into a thin stratum clo.'^!) under the roof, and gradu- 
ally descends' aiiiongst the jueces of wood to the *lloor. The 
air is introduced at the? temperature oY 240 ° Fahr. The ex- 
pend iC are of fuel is at the r#.tc of 1 lb. of coke for every 3 lbs. of 
moisture eva])oratod. 

Many experiments liave been made on the loss of weight and 
shrinkage of dimensions undergone by timber in seasoning; 'of 
which, the details may be found in the works of Fincham on Ship- 
building, Tredgold on Carpentry, Mr. Murray on Ship-huUding, 
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Ac. The results of these ex])oriments vary so much that it is 
almost impossible to conJensc^ tlioni into .any geiferal stateiiiont. 
The following shows tJio limits Within wliich tli^ goiierully 

lie:^ • . ^ 


Timber. § 

Red Pino, 

American Yellow Pine 

Larch, 

Oak (Ih-itisli), 


]\Iaht>gaiiy, 


Loss of U'eiijht Trfiiisverse Shrink- 



j)c*r t’lMit. 

iiic per Feat. 

fr<un 

I- fc 

2.1 to .3 


i8 tu 27 

2 ' to 3 


^ lo jr, 

2 to 3 

» 

14 .'JO 

alxmt 8 


ai • <n i> 0 

alioiit 4 

i« 

16 to j.-t 



310. Durnbility Bii€l®n<Tny of Timber. — All kinds of tilllluM* are 
most lasting when ko]»t consUreily <h*y, and at tli(‘ same time freely 
ventilated. * o 

Timber kc])t constantly wet is softened and ivt'akeiif'd; hut it 
docs not necessarily dt'cay. Yari<;us kinds of iiinixo*, some of 
which have been already mentioned, such as elm and bceeh, possess 
great durability in this condii.ioii. • 

The situation which is least favourable, to the duration of timber 
is that of alb'rnatc wetness and dr\iiess, or of a slight degree of 
moisture, especially if acconi]>;niied by heat ami (jojillned air. For 
pieces of carpentry, lh(‘n‘for4‘, which an‘ to )»c expos<*d to these 
causes of dciVy^the most durable kimls of timber only are to be 
em])loyed, and proper preoautions are to be tnliim i’or«th(iir pi*eser- 
vation. 

Slaked lime hastens the decay of timber, which shouhl tlK'ndore, 
in buildings, be p)‘otecte«P against contact with tin' nioilai*. • 
Timber exposed to conliiied air alone, without llic jnvsencci of 
any considerable (pian+ity <»f moisture, (h'cays by “ r//-// rotj' 'which 
is accompanied by the growth of a fungus, and linally converts 
the wood into a line po\vd(;r. , • • 

The following table sliiiw^s the compagilive tlni-ability of some 
kinds of timber for ship-building, as cstiiuatetl,by tJie commitice of 
Lloyd s. ^ • • 

12 yesLYs, Teak, 13ritisli«Oak, Mora, Grecnheart, Iron-ba^k, Saul. 
10 „ Bay Mahogany, Cedar ViryinimiaTj ^ 

9 „ European Continental Oak, Chestnut, Blue-gum, 

Stringy-bark {Eitcalyptus gigaiUea.) 

Q „ North American JV^hite Oak, North AinericaTi Chest- 
nut. 

7 „ Larch,, Hackmatack, Pitch Pine, English Ash. 

6 Cowrie, American Rock Elm. 

• , • • - 
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5 years. Jlccl Piiie/Ony Elm, Black Birch, Spruce Fir, Eng- 
'lisli B(‘ 0 ( h. 

4 „ TIeiiilock Bine (N*orth American.) 

•f ^ r • 

311 . Pre»erviiiioii of viiiibnr. — ^mongst the most efficient means 
ol‘i)res(M*ving timber, are good s(‘as(giing and free circulation of air. 

i’rohvhoM .igainst moisture is allorded by oil-paint, provided that 
the timber is ]jei*feeLly dry when first painted, and that tlie paint 
is i-enewed from tinn^ to time. A coating of pitch or tar may be 
ijMwl for the same [mr])oso, applied hot in tliin layers. 

Ih-otection against the dry rot may be obtained by saturating 
the timber with solutions of particular metallic salts. For this 
]Mir 2 )ose Chapman (miphycd oopjjcras (m/jj/iate of iron)] Mr. 
Kyan, corrosive sublimate {br^hlurule of mercury)] Sir William 
Burnett, chloride oj znic. All these salts preserve the timber 
so long as tlioy ivinain in its pores; but it would seem that 
they ai'(‘ gradually removed by the long-conlmued action of water. 
In planting pol^s it is advisable* to fill tlui hole wdth cernent or 
beton, terminatcAl above, so as to let water drain olf. ^ 

‘l)i\ Bouehoric eiiijiloys a solution of mlphale of copper in about 
one hundred times it.4 weight of water. The solution, being 
contMiiK'd in a tank about 30 or 10 feet above the level of the log, 
descc'iids through a (h^xible tube to a caj) fixed on one cud of the 
log, whence it is forced by the ])ressure of the column of fluid 
above it through the tubes of the vasculai* tissue, driving out tlie 
sap before it at the, other end of the log, until t’nc tubes are 
cleare-d of saj) and idled with the solution instead. 

Timber is protected not only against wet rot and dry rot, but 
against white ants and sea- worms, by Mr. Bethel I’s ])roccss of 
saturation with the liquid called commercially creosote,'^ which is 
a kind of ])ifch oil. This is effected by first exhausting the air 
and moisture from the pores of the timber in an air-tight vessel, in 
whieli a fuirtial vacuum is kept up for a few hours, and then 
forcing the creo.sote iiif5) these pores by a pressure of about 150 lbs. 
on the square inch, which is kept up for some days. The timber 
absorbs fi om a niutJvio a twelftho\ its weight of tho oil. (See p. 453.) 

3 1 2. Aircp;{tii of Timber. — Amoiig.'^t different speeiaiens of timber 
of the : .tine sjiecies, those which arc m.oat dense in the dry state 
are^in general also tho stroiigest. 

Tables of the average results of the most trustworthy experi- 
ments on the stn'iigth of di.icrent kinds of timber strained in 
various ways are given at the end of the volume; and a supple- 
mmitary table containing some additional results, at the end of 
this’section, p. 452. As to the strength of timber posts, see Article 
158, p. 238. 
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Tlie follo)ying are some genoml remarks as to the tlilFcrent ways 
in which the strength of timber is exert<‘(l - 

I. The Tenacity alowj the g^'auiy <h‘])en(ling, as it (Joes, on the 
tenacity of the libres of tlie \ascii)ar lissne, ts on tlicT wliole great(}st 
in tliosc kinds and ]>i('e(‘s of' wood in whic*‘ tlicy fil)res are 
fitraightest and imxst distincfly niajked. It is not niat(*j’ially 
afrectc'd by temporary wetness of the tinilx'r, ^ut is dirninislied 
l)y long-coulinned saturation with Avater, and by steaming and 
boiling. 

Tli(^ ienacil}/ across the graiuy dcjumdi .r eliieily 0 !i tin? lat(*ral 
adhesion of the fibrt'S, is always consid(‘rald;) less than the tenacity 
along the grain, and is diminished by wetness and increasf'd by 
diynesfl. Very fi‘w cixact experinumts have been made upon it. 
Its smallness in pinc'-^vood as com]>ared with leaf-wood forms a 
marked distinction betwi*en those two classi‘s of timber, the 
]iroportion which it bears to the tenacity ah)ifg tiie grain having 
been found to be, by sonu) exjK'riments, , 

In ])in(VAVood, from I -20th to 1-lOth. 

In leaf- wood, from 1-Oth to l-4tli, .and upwards. 

• 

II. The Hesistance to Siieaiiing, by sliding of the fibres on 
each oth(;r, is the same, or ru'arly tin* same, with the tonacaty 
across the grain. As to shear lay across the yrain^ S(‘e Ai'ticle .‘122, 
p. 400. 

lir. TIh'.JIf^istanck to Ciii'siiiNG Ji the grain, de]K‘nding, 
as it do(?s, on the resistance of the libr(*s t;o })ein^' crippled or 
“u|).set,” !md s[)lit asunder, is greatest when their laU-ral adhesion 
is greatest, and has been found by Mr, Hodgkinson to be n(‘arly 
twice as great for diy tiftiber as for the same timber in ilie green 
state. In most kinds of timber, wJien dry, jt ranges from one-Jialf 
to two-thirds of the ttsnacity (j». 2.‘hi). 

I]xperiments have been made on the crushing of timber across 
the grain, Avhicli takes place by a sort of ^lft‘ai ing; but they»havo 
not led to any precise rcbult, (*xeept th;(t ih'* timber is both more 
conipn*ssible and weaker against a trans^<*.»se than against ji 
longitudinal ^pressure j and coifte(juently,*that intense transverse 
compression of pie(*,es of timbcir ought to be avoided. • 

IV The Modulus op^IIuptuhe of timber, which exjnesses its 
resistance to cross-br(\aking, is nsi#illy sonu'what less thilft its 
tenacity, but seldom much less. (See Artich* 102, p. 2.52.) 

V. The Factor op Sapety, in various actual structures of car- 
pentry, ranges from 4 to 14, and is on an average about 10. 

When large siztrd pieces are tested, the strengths are found, to bo 
much below these obtained from small test pieces. See Lanza^ 
Applied Mechanics, , # • 
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Supplementary Table of Properties of Timber grown in Ceylon ; 

SELECTED AND (’OMl'UTED FlfOM A TaBLE OF THE PROPERTIES OF 
NlNETY-SLv KllWS OF "I’lMBER BY MoDLlAR ADRIAN MeNDIS. 


Timumi. 

Alndf'l {Arlocarpm puhescena), 

(Chloroxylon Sinefenia), 2,^00,000 
Mililo (VUeji altissi 7 nal)f,,. 2,000,000 
Cm1uv<t‘o. See ** Pboiiy.” 

Cos {Artocarpvs hdeyrifolm), 1,810,000 

Ebouy or Cjiluvore (/Hotipyt^os ) 

Ehfitufs), ) 

G.'il or ll;il i\r(\M(l()r;i ( ) 

«/'• --?) V / 

IJjil JVlilile {Jirrrytt A inmonilla\ 

IroTiwood, Soo Na'v.” 

Jack. Sco Cos.” 

]\Ic(i lo7i(ji/ofl(i), T, 880,000 

Meoarj M ililo ( Vitex altisaiina )^ . . . 2,040,000 

Njiw (Mesua Nw/aha), 2,580,000 

PalBiira. See 

Paloo {Miivnsopa ^lexandm), 2,430,000 

Sat/niwood. See niiruh*.” 

S oriyji {Thespesid popiilf'ff)^ 2,610,600 

Till (Borns'snjsjfahrfllfoi'mii 
Teak {Tevtona <jnvnd\s)y 2,800,000 

Additional Datv fhom the Experiments of Captain Fowre, 
K.E., Captain jMaaSe, K.E., and Modliar Mendis. 

Teak from J oliorc (JMalay Peuiu.s !:i ), 

Teak from (^ocliiii-Cli'iiia,.... 

Teak from Monlmein, 

Iroii -1 lAl-k ( Eiimlypl us — V) from 


Iron-bark, rongli-leav(Ml, 

Jarrah. See “ Austi-alian ]\la- 
hogany,” in Tables at end of 
volume. 

Stringy-bark {Eucalyptus gi - 1 


^lodiiUis of Modulns of 
lillasticity in Rnplure in 
lbs. on the lbs. on llie 
Squiirc Inch. Square Inch. 

1.850.000 12,800 

2.700.000 18,800 

2,000,000 13,900 

Weight of a 
Cubic Foot 
in lb.s. 

5 ^ 

55 

1,810,000 

11,000 

42 

1,360,000 

13,000 

71 

1,530,000 

I. 3 , 300 

57 

, 970,000 

15,200 

48 

T, 880,000 

2.040.000 

2.580.000 

13,000 

14,200 

17,900 

61 

56 

72 

2,430,000 

18,900 

63 

2,6 10,000 

2.810.000 

2.800.000 

12.700 

14.700 
14,600 

42 

<55 

55 


..s !=.), 

19,400 


1,990,000 

12,100 
' 1 

44 

... 1,900,000 

11,520 

42 

1 964,000 

24,400 

64 

... 1,157.000 

22,500 

64 


gantea) from Australia*. j 1,709*000 i3>ooo 


54 
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3 1 2a. P'*m rracioii of Timber for railway sleepei*s, &c. , from decay 
is attempted by various processes* Kyaiiising consists in the 
imniei-sion of the timber in a#solution o^ corrosiye aublimate, in 
the proportion of 1 part of sublimate to 100 parts of water, the 
wood being left in the solutiqji Y-)r two days and n])W^rds, accord- 
ing to thickness. In another process chloi ido of zinc is used. 
Creosoting consists in first placing the timber «ln a cylinder and 
applying superheated steam, and tliereafter establishing a vacuum 
in the cylinder; by these operations ihe a] is withdrawn, when 
a “dead oil,” containing creosote hcaUd i<> about 160^, is forced 
at a pressure of about lbs. into the cylinder, and tills uj) the 
sj»ac(i troin which the sap has been removed. This process, how- 
ever, varies with the condition of the wood when used.* 


Section II. — Of Joints and Fastenings in Carpentry, 

313. CliiffMifit’itlloii mid deneriil Principli'M. — The joitUS^ or sur- 
faces at which the pieces of timber in a fj-ame of earjxiiitry touch 
each other, and the fastenings which conm'ct thos(5 pitujes together, 
are of various kinds, according to the relative positions of the 
pieces, and tlu* forces which they exert on (sach other. Joints 
have been classed by IJobison and Tnslgold ; and those authors 
are very followed in the following classification, which 

will be the bet{t*r understood by referring to the pry v ions ])ortion 
of this w’ork wliicli relates to framework in general, viz. : — 
Part II., Chajjter 1., fcsection IV., Articles 111 to 122, pp. 173 
to 185 : — • • 

I. Joints for lengthening ties. 

IT. Joints for lengthening stmts. 

III. Joints for lengtliening beams. , • 

IV. Joints for sup]KJiting beams on beams, 

V. Joints for supporting beams on ])osts^ 

VI. Joints for connecting stfuts with tic.s. 

Fastenings may be classed as follows : — 

• ^ 

I. Pins, including treenails, nails, spikes, screws, and bolts; 
being fastenings which are exposed princijially to shearing and 
beiiding stress. ^ 

* For further information on the preservation of timber, see Trans, American 
Society of CivU Engineers, vol. zi. 

See Trans, Inst, Engineers and Shipbuilders imScotland^ vol. zzv. 
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II. Straps avJ tio-bars, incliuling iron stirrups and csuspending- 
rofla, being fastenings viliich are exposed principally to tension. 

ITT. Soelfots^. • « 

In drsigning and executing all kinds of joints and fastenings, 
the following g(*ina*al princi}>les ar^ to be adhered to as closely as 
may la* ])ra(.;tiral)l() : — 

I. 'I’n cut tlu‘ joints and arrange the fastenings so as to weaken 
tlic pi<res of tiiribor tliat tliey connect as lit(le as [lossible. 

J J. To place each abutting surface in a joint is nearly as possible 
perjHMulicular to the pressure which it has to transmit. 

ill. To proiiortion the area of each such surface to tliO pressure 
whicli it has to bear, so that the tinib(*r may be safe against injury 
umh'r the ln*aviest load which occui-s in practice; and to form and 
fit every paii* of such surfaces accurately, in order to distribute the 
stress uniformly. , 

IV. '^I’o ])nfpdrtion the fastenings, so that they may be of equal 
etrength with the^i»ieces which th(‘y connect. 

V. To ])lac(i the fastenings in (‘ach piece of timber so that there 
shall be sullicioiit rcsistaiicii to the giving way of the joint by the 
fastenings sh(*aring or ci^Ushing their way through the timber. 

314. ii«‘iij|£fii€>aiiii;s Tirw is perforuK'd by JishitKj or by scarjinfj. 
In a fished joint the two ])ieces of the tie abut end to end, and are 
connected together by means of “ lish-picces” of wooil or iron 
which are bolted to tluau ; in a scarfed joint the ends of the two 


. ■ ' — i i — I 

> 5 ' > 5 = — ’ 

J’if;. ISS. 

^ Zi i 9 l 


* Fig. 190. 

pieces of the tie ovethvp each ot|per. Fig. 187 is a fished joint; 
figs. 188, 18!], and l‘J0 are called scarfs; though in figs. 188 and 
190 the iies are in fact fished with iron aa well as scarfed. 

Iji,^ 2}kii7i Jialted joint the^ fish-pieces have plane surfaces next 
the tic, so that the connection between them and the tie for the 
transmission of tension depends a. holly on the strength of the 
bolts, together wfith the friction which they may cause by pressing 
the lish-pieces against the side.s of the lie. The tic is only weakened 
so far as its effective sectional area is diminished by the bolt-holes. 
The joint sectional area of the fish-pieces should be equal to that of 
the ties. <The j6iut sectional area of the bolts should beat least owe- 
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fijili of that^of the timber left after cutting the bolttliolcs; and the 
bolts should be square rather tliand*uuiid. The bolt-holes should 
be so disti ibuted, and placed at«sucli distap^ies froiiv tJie ends of the 
two parts of the ti(‘, that the joint area of both sides of the layer of 
fibres, which must be sheared gu\ of one ])iece of the tie before the 
bolts can be torii out of its end, shall lx* as much greater than tlie 
eftecti^'e area of the tie as the tenacity of the w(fod is greater than 
its resistanc(* to shearing; aS to which proportion, see Article 312, 
j). 450. The same rule regulates the 2 »l;M rs of the bolt-holes in the 
tish-]»ieces. 

Th(» fish-pieces and the parts of tht* tie may also be connected by 
indmt.% as at the iqiiier side of tig. 187, or by jutjy/es or kej/s, as at 
the lower side of the same figure*. In either casi* tin? elleetive area 
of the tie is reduced by the cutting of the indimts or of the key- 
seats, at A .and B. I'lio area of abutting sin fqeo of tlui indents, or 
of the key-seats, shoidd bo sufiieit'iit to resist safe-ly the greatest 
force to bo exerted along tlu* tie; anil their distatices from the ends 
of die fish-pieces and of the ])ai*ts of thi^ tie should be sufficient to 
resist safidy tlie tendency of the same forctj to she.ar olf two layers 
of fibres. 

A timber tie may be fished with jdates of ij'on, due regard being 
paid to the greafta* liuiaeity of tin* iron in fixing the proportions 
of the parts, and tlu! iron lish-jJates may be indented into the 
wood. Fig 188 rejnesents a Joint in which tlie parts of the 
timber tie *'irre •ftcarfed together, and at the same tim(^ fished with 
iron plates, which are iiid(*iited into the wood ut thevnds. 

Fig. i 8 'J represents a searfed joint fin* a tie, whicli will hold 
without tljifi aid of bol|s or straiis. At (J is a key or joggle 
of sojiie hard kind of wood, which is wedged in so as to tighteft tlie 
joint moderately, 'flie depth of the key is one-third of the depth 
of tlie beam. It is evident that this joint, as shown in the figure, 
has only onc-third of the .stnmgth of the solid timher tic; but its 
sti’eiigth may be consitlerably increased ^jy bolting on irod fish- 
plates at A and 13. * 

Fig. 190 sliows a scai-fed j(|mt with s^vcnal kiiys, which sliould 
all be driv<*n <jqiially tight. It is also fished with iron plates, 
indented into the wood 4 ’.t the ends. * ^ 

The following practical rules are given by Tredgold far the pro- 
portion which the length of a scarf (between A and B in each of 
the figures) should bear to the depth of the tic : — 

• Without W'itli With Bolts 

Bolts. Bolts, and Indents. 

Leaf- wood (as Oak, Ash, or Elm),.,.. 6 3.2 

Pine-wood, ^12 • ^ ^ 4 
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315. i^engibcninff NiriiiM. — At each joint ill a pillar, or 

other strut, the two jiiect's sjiould abut against each other at a 
plane ])(.-j‘|)en(lignlai* to tlierflirectiou of tlie thrust; and to 

keep th<;ni steady tli(;y may either be fished on all four sides, 
or have tli(#ir abutting ends enclose^ in an iron soeket made to fit 
them. Joints in struts ought if p(jssibh‘ to be stayed laterally. 
(As to tlio strengyi of timber struts, see Article loS, j>. 238). 

31G. i^riigfhriiing Ki>»iu«« may bo performed cither by fisliing or 
by scarfing; and in (iither case the joints should as i nr as practicable 
be ])]aced wlierc tlie bending moment is small. The construction 
of the joints should be the .same with that of joints for lengthening 
ties, with the following (pialifieations: — 

I. At tlie c()m[)ress(‘d side of the bofim, its two pieces should 
have a square abul merit again.st (‘aeh other; lumco oblique surfaces, 
such as those in fig. 180, are to bii avoided. 

I I. The surfaces of (he scarf oiigJit to be parallel to the direction 
of the load; (tliaif is to say, in general, viTtical: so that in figs. 
188 and 100, the plains of the pajrer shall rejiresent a horizontal 
plane); for it was found, in experimenis by Oolonel Beaufoy, that 
a scarfed b(‘am was strrmgcr with the scarf “ iq) and down” than 
“flatwise'.” (8e(j Harlow On. tlie Stren(jth of Timber ^ Article 71.) 

317. iVofcliing is«>iiiii«4. — W hen a joist or ci’oss-beam has to be sup- 
ported on agii’fler or* main beam, the method which least imjiairs the 
strength of the main beam is simply to place tlie cross-beam above 
it; a shallow notch being cut on the lower side of •the* Cross-beam, 
so as to lit tin# main •beam. 

318. i?i<»riiHiiis — imioiiitiomi Tonoii. — When tho space is 

not .sulHeient to admit of placing the cri^ss-bcam above the main 
beaif., the connection may be m.nle by means of a mortise and tenon 
joiul; th(5 teito'n, lu'ing a pi’ojection from the end of the cross-beam, 
and the 7nortisfi, a (;avity in lire side of the main beam, cut so as 
exactly to tit tlic Imion. TJio teinui may be fixed in its ])lace by 
means of a pin, or of“a screw. It is evident that in order to 
weaken the main beam as little as possibfe, the mortise should be 
cut at the middle. of*its depth, .so that the ce.iitre of the mortise 
may be at the neutral axis of the beam. • 

T'o Ihij^ in* what [irojiortion a beam js weakened by a plain 
rectangular mortise cut in the position above prescribed, let h be 
the Ttejith and b the breadth of the beam, li the depth of the 
mortise, and 5' the di.stance to which io penetrates into the beam ; 
tlicn the beam is weakened in the following ratio : — 

I 43 __ l’ 4'3 .ft (1.) 

(See Article 162, pp. 249 to 253.) 

To keep a cfoss-bcaKi steady in its p]t)per position, a tenon 
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requires leugth; to bear its share of the^oad, it requires depth; 
but a tenon at once long and deep would too miifjli weaken the 
main beam. To avoid tliis difficiilfy the slumldertd tenon is used, 
as shown in fig. 191. A is a cross-sectidh of a * *’ 

imiin beam; B is one end of a«ci oss-beani. C is 
the shoulder, wliich bears thetiad of that end of 
the cross-beam, and p(aietrates into th<' si<h' of the 
main beam for a distance of one-sixth of tlje depth 
of the cross-beam or thereaboutvS; tlie d<,‘p(]i o^' the 
shoulder below the ujiper side of the h(‘a,ni 

is about two- thirds or thr(*e-foiii*tlis of the total depth of that 
beam. D is the tenon ]n*opcr, whose depth is only one-sixth of 
that of the cross-beam, while its length is about double of its own 
depth. Its use is to ^ive the joint sidlicient hold, so that there 
shall be no risk of the shoulder being dislodged from its place in 
the mortise. • ^ 

Mortises cut by hand arc always reotangnlay. 'fhosc cut by 
machinery are made by a boring tool, so that although their 
longest sides arc plane, their ends arc somicylindrical; and tenons 
to lit them must be cut of the same shape., 

319. Poxi aiKi Renin JoiniM. — To support the 011(1 of a liorizoutal 
beam at one side of a post, a shouhha-i'd mortis(5-and-ten(>n joint is 
to be used. The shnuld<‘r should lie lik(‘ th.at on the end of the 
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cross-beam in llg. 191; but the long tenon should bo on edye^ or 
have its iuuai>'vest dimension hori/oiital, in order that the inorlise 
for it may W(}ala?n the post as little as pos<ibh‘. 

When the beam is to rest on the top of tlie post, the joint may 
be socih'cd simply by means of a small t(Uion in the emilre of tho 
top of the post litting^into a moi'tise in tho undca* side ofjthe 
beam; but there are other imdhnds, two of whirli an* shown in 
fig. 192. B B is tlm beam. A is a post, tho top of which is fitted 

into a shallow rectangular notch in — 

tho under side of the beam. Tliat ^ B 


notch does not extend, comjdelely 
across tho beam, but is divided into 



two parts bj a hrtdfCj of about’-one- 

fifth of the breadth of the beam, which is left uncut in the middle 


of tho notch. To receive the bridle, a groove of the san\e breadth 
is cut in the middle of tlie top of tthe post, as indicated 
dotted line C D. The post £ is also fitted into a notch-and-bridle 


joint F G, the only difference being that the figure of the notch in 
the under side of the beam ia an obtuse angled triangle instead of a 
rectangle. This last form is recommended by Tredgold. He also 
recommends a joint of the same class, in which the notch in the 


under side of the beam has the figure of circulsjT arc ; but from 
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the exporinients of ]\ri*. Jlodgkiii.son on the strength of flat-ended 
and round-endc^d jn’IIars, it must he inferred tluit this construction 
woidd wojiken tli<* post. (Article ^58, p[). to 2M8.) 

The saiile jofiits an!^ai)plicjihlc to the case in which a post is 
snp|)orted a hoani. ♦ 

.‘>20. !iiiriif-nii€i-Ti€‘ .ioini«. — A .stifit and a tie meeting at an 
ohlijjiie angle are^to he connected hy means of a shoulder on the 
e]id of tJie stiMit, fitting into a iJot(di in the side of the tic, to 
tjaiisinit the ])i-(*ssur(^, and of a tenon on the stin*- fitting into a 
inorii.M* in tin* tie, or a hridhi on tln‘ ti(; fitting intoagiuove in the 
shoulder of the strut, to keep the jcuni steady. Such joints arc 
exeiiiplified in figs. 193 and 194-, in each of wliich B represents a 
tie-hea,in and A the foot of a stint or rafter. C I) is the shoulder of 
the rafter, fitting into a notch m the ti(i-heafn, and liaving a plane 
Hurf;;e(‘, which in fig. 193 has a depth ecpuil to half* of the depth of 
the rafter, and hiseCls the ohtu.se angle h(‘t\veen the directions of 
the tie-hcain and .ral'Cta*; wJiile in fig. 104 it is j)crpeiidicular to 
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the length of* the rafter, and of somewhat more than l^^Jf its depth. 
In fig. 193 the dotted lines at F represent a tenon and 7nortisey 
■whose hreadth is ono-fifth of that of the raft(U*. In fig. 194, the 
dotted line K shows tlu* uj>])('r surface y A’ w, bridle, left uncut in 
the *‘‘ii<ldlc t)f the hreadfh of tlu; noteli 0 1^ K in the tie-beam, sind 
fitting into a groove, iu flic shoulder of the rafter. The hreadth of 
the hridle is one-fifth of ilie hreadth of the ti(;-h(‘ani. 

In making each of those joints, care must he taken that the 
length of the fibres loft^l^etwcen the nof^h C 1) and the end K of the 
tie-h(‘ani is sutlicient to resi.st safely the* tendency of the longi- 
tudinal component of the thrust against the notch to shear them 
off; that is to say, h^t IF he that fom])on(;nt of the thrust of the 
rafter, h the 'breadth t»f the tie-heani in inches, I the distance in 
inches froin the notch to the end of the tfe-hoani, f the resistance 
of tlw wof)d to shearing, s a factor of safety ; then 


Z = 


.s II 

/ 


( 1 .) 


According to Tredgold, 4 is a sutheient value for 8 in this case; 
and henc e, taking f at 600 Ihs. jinr square inch for fir, aud 2,300 
lbs. per scj^uare iricb for^ak, we have 
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Thest' joints may be made nufiv secure binding tliie raft(;r and 
tie to^otlier witli a bolt or a. strap, in a direction making as acute 
an angle with the tie as is ]>ra^ticahle. TJie chief obj(*;t of this is 
to hoJfl the i*ai'ter in its [)lace in ease the end of the tie should give 
way. (S<x‘ fig. 197, j». • 

321. i^uwiM^iuliiij; ill frames of cai*|)cntry are called by the 

very i'na])])ro])]-iate names of kinfj-posts and y- '’cii jiDSts, a king-post 
being a single suspending pi(‘ee in the centn ol’a frame, and queen- 
posts, susjiending j)iec<*s in other ]iositions. A susjK*nding [lii'Ce 
hang.s from ihe j)oint of junetion of two struts or rafters, and sup- 
j>ort.s at its lo^^^‘r end eitlua* a beam or the ends of one or more 
struts. 

A strut or i*after may bo coniu'ettal with a ^suspending ]>ieco by 
abutting against a noteli cut in its side, or agfiinst a shoulder 
formed b^*^ an enlargement at the end of the sns|t(ai(ling jiiece; and 
in eitlu'r case th(3 distance of the. notch or shoulder from the enrl 


of the piece is to bo dettaaniinsl l>y the fnanuhe of tlu^ preceding 
article. W lien a single susjxuiding jdeee* siq)j)()rts a beaiii at its 
lower end they an* connected l>y 
means of an iron stiirup. 

A better nndhod is t<» make sus- 
pending ])Ioees in pairs, so that the 
rafters fn )iii*\v^iich tla*y hang may 
abut between tJiein direetly against 
each otluT, as shown by the eross- 
section fig. llJo, and tl^e side view 
fig. 196. C and F are tin* ends 
of a pair of rafters abutting against 
each other ; A and 13 tin; upticr cmls 

of a jiair of susfieudiiig [lieces, notched upon the raftei-s, and bolted 
to each other througli the blocks or liKnig-pieces D and K. If 
these figures be turiuMl iqiside down tln*y will rejirescmt the lower 
ends of a pair of siisjieiiding- pieces, foi mjng a wooden stirrup for 
the support 1)f a beam, or of the ends of a pair of struts, as the case 
may be. • ' 

322. Pina— TreenailN. — Wooden |jins, as fastenings for joints, 
when of large diameter, arc known as treenails. Ex])ej*i1ttents 
have been made on their resistance* to a cross strain by Mr. Farsons, 
fop the details of which, see Murray On Ship-building; the re.sults 
may be summed up with siiflicient exactness for practical purposes 
by saying— 

L That the ultimate resistance of English oak treenails to a 
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shearing stress across tlje grain is about 4,000 lbs. per square inch 
of section. * ‘ 

IT. That in order to realize that strength, the jdanks connected 
by the trctfF.ailii shoul(bli:iv(j a thidkiioss equal to al^oiit three times 
the diameter of tlie trei iiails. ^ 

i\aif4 niMi N|»ik4‘N. — Wlierc f^ilLs aivi exposed to any con- 
flideirible strain tlios(i made by hand sliould bo used, as they are 
stronger Ilian tIio',e made by maeliima-y. 

^riie Wi-iglit in Ihs. of a thousand of the flooring brads” 
eommonly us(*<l in earpiMilry may be roughly computed by taking 
twirfi thfi s/funre ofihv.lr laiujth in inrhos. 

Tll(^ nails or sjnkes used for fastening planks to beams are 
usually of a huigth etpial to 1‘rom twice to twice and a-half the 
thiehuess of the planks. t. „ 

'fhe following an* ilie n*sults, as stated by 'T’reilgold, of experi- 
ments by Ihivan oq, the force recpiired to draw nails of different 
Biz«‘S out of Drtj'Clu'istiania Deni, into whieli tlnw had been driven 
to dillerent d(‘pths nrro.v.s* the (jraltt: — 


Kind of Nnils. 

Inclios. 

No. to 
llie Lb. 

Inches 
ill iveii 

Force 
to draw. 
Lbs. 

Soriifs 

0*44 

4,560 

0*4 

22 


0*53 

3,200 

0*44 

37 

jj * 

TJ)r(‘o|)eiiny brads. 

I 25 

618 

0-50 

58 

(-ast iron nails, ... 

1*00 

380 

0*50 

72 

F’ivejieiiny nails. 

2*00 

139 

1 * 50 . 

— 320 

Six])('nny nails, ... 

2r,o 

73 

i -oo 

187 

,, 

2 50 

73 

1*50 

327 

,, 

2-50 

73 

2'00 

530 


far as these ri'sults can ho expresseit by a gen(‘ral la.w, they 
seem to indieale ihat the f<irce ivipiiivd to draw a nail, driven 
acnjss the giviin of a given sort of wootl, varies m'aiTy as the ciiheqf 
the aquare root of the depth lo which it in drtcen; and that it 
increases with the (liahi,dxT of the nail, hnt in a manner which 
has not yet been I'xpressed by a matheinr ical Jaw. 

'J'hc following are tli ' results of llovaii’s ex^iorimonts on the force 
required to draw a “ sixpenny nail” of 7o to the lb., which had 
been dri\;<*n oho inch into <liffercnt sorts of timber; — 

^ DcaI, across the grain, ^ 187 lbs. (as above.) 

Oiik, „ 507 „ 

n 327 o 

I 3 eech, „ 667 ,y 

Green Sycamore, „ 312 „ 

‘ Deal, oiidwiso, 87 „ 

,, 257 „ 



NAILS — SCREWS — BOLTS— WASHERS — STRAPS. 0i6l 

The following were the forces reqnirccl to /Iniw asunder a pair of 
planks joined by t?vo nails of 73 to the lb. : — ^ 


Deal ^ inch thick, 7*2 11). 

Oak 1 inch thi< k, ...• ^ •* 

Ash I inch thii k, 1420 „ 


324. Sc-rews. — The holding flower of scrcAV-nails, or “ wood- 
screws,” is j)rul)jibly jnoportionul in‘:irly to ihe^ product of the 
diameter of th(‘ screw, and of the dcjdh to wliich it is screwed into 
the wood, 'fhe following are the resuHs f Jlev.-ni’s exjH'riments, 
quoted by Ihedgold, on the force rcqnin d ' » draw screws out of 
planks oi ha1j-an~inrh /AicX*, lh(‘ screws \)eing 0 22 inch in diameter 
over all, aiid 0*03o inch in depth of thread, with 12 tln-eads to the 
inch. 


JJeech, M. 


Ash, 


Oak, 

7 f'o 

Miihogini)-, 

770 „. 

Elm, 

(•<>:> „ 

Sycamor(‘, 

830 ,, 


325. Boliw— Wnwherw. — 'file rules for propo)*tioning bolts which 
have to withstand a slieaiing stress in carpentry have ali’oady 
been stated in Article ,3M, ]). 4-55. 

The sides of a ])ioco of limber should always be ])rotected against 
the crushing action of the liead anti nut of a bolt by means of flat 
rings called tlio area of each w’asliei* being at ]c‘ast as 

many times greater tlian the sectional area of the4)olt a^Mllo ttmacity 
of the bolt is grt'ater tlian the resistance of tin* limber In crushing; 
that is to say, ftu* tir the diann‘tcr of the washer may be made about 
3^ times tlie diameter of t?lie bolt, and for oak about 2 .J, times. 

When a bolt is oblique to the direction (d’ the beam that it 
traverses, the timber may either have a notch cut in it with a 
surface perpendicular to the bolt, to bt'ar the pi’essure of the 
washer, or it may bo notched to receive a l^Aelled wash(^r of cast 
iron, one of wdiose sin*t;if*es tits the nofsch in the wo(jd, while 
another b(;ing perpendicular loathe axis gf 4;lie bolt, bears the 
pressure of th(kiiut or head, as the case may be. 

The screws of bolts are \^sually nuuieof the following proportions, 
or nearly so : the depth of tlie thread one-tenth, and tUe niteh 
onc-fifth of the internal diameter. A^'bolb wdiicli has to be o^n 
removed may be made fast by having a slot or oblong hole in one of 
its ends, through which a key or w^edge is driven. 

326. Irou Nfrnpw are used nearly in ilic same manner wdth bolts, 
to bind pieces of timber together. They have the advantage of not 
requiring so much of the timber to be cut away as bolts da 
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According to the usual proportions of straps the breadth ranges 
from four times to eight times the tliickiiebS. When a strap has 
eyes in its eirtls, for bolting them to the sich?s of a beam, it ought 
to be eitlier brojuhiued or thieke^ned round each eye, so that the 
sectional* area* of tlu.*' iron may be at least as great at the sides of 
the eye iis in oilier parts of- the strap. When a strap is to 
embrace c«»njplet(‘ly a jiiece or ^deces of timber, it may, when 
pi’acticable, be ^,welded into a rectangular hoop, and driven on 
from one (‘IkI of (he timber; but when that is imyiracticable or 
inconvenient, it must be made with screws on its ends, of tin; saino 
sectional art‘a with ij^s Hat ])art, upon which screws a cross-piece is 
to be made fast with nuts. 

327. A Sfirrup is a strap whiidi 
supports a beam, or sustains the 
tbviist of tne end of a strut. If 
the tie or suspending piece is of 
wood, the ends of the stirrup are 
bolti'd thriaigh it; if of iron, the 
stirrup and tie,* or snspiuidirig _’ 0 (I, 
are usually welded into one piece?, 

328. Iron Tir-iio«iM may Ik; nseil insb'ml of timber ties ar.d sus- 
pemliiig pieces in all (hcsi; parts of a frame of oarjientry in Avliich 
tension alone is to bo borin', and is not combined wdth a bonding 
action, nor alternat(‘d with tlirust. 'I’hoy may l)c connected with 
the timber [lieces of the frame by ineans of screW'S and nuts, eyes 
and bolts, slots ainl wedges, stirrups or sockets; aipL they shoidd 
be capable of being tightened when required, l>y "ineans of screws 
or of WTAlges. (Vro must be taken that the ptiints of attachment 
of the ends of a long iron tie-rod are free to change their distance 
from eiieh other to an extent sullieient io allow' of the changes of 
length of the rod which are proiluced by changes of temperature, 
at the rate of about 

•0012 of the length of the roc|, for 180® of change of tfiiuperdture 

^ on Fahren fie it’s scale. 

329. Iron mixde to fit the ends of pieces of timber, 

furnish a convenient F^eaiisof riMking various joints in framework, 
especially a^t points where struts meet each other,' or have to be 
conne^aid wdtb tie-rods. If thrust altine is to be borne by tho- 
P'^'^ketj^jast iron is the nioj^t ctmvenient material; if any consider- 
able tension is to be borne, strong wu-oiiglit iron plates arc best. 

330. Proircfion of Iron Vnuicuina** — The iron fastoiiings of 
timber, especially if in contact with oak, rii 5 (t very rapidly unless 
propi;rly protected. Amongst the most etficieut means of pro- 
tection are the following : — 
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I. Boiling in coal-tai*, especially if the pieces of iron have tirst 
been heate(f to the tcnniciatiire of melting I* 'ad. 

II. Heating the pieces of iron tf) the temperature of melting 

lead, and smearing their surfaces, while hoir, with cold linseed oil, 
which dries and forms a sort of garnish. 'Phis is recommended by 
Sin ea ton. • 

HI. Painting with oil-paint, wliicli must be ivnewed from time 
to time. The linseed oil process is a good preparation for paint- 
ing. 

IV. Coating with zinc, commonly ealit l galvanizing. Tliis ia 
efticient, provided it is not exposed to acids capable of dissolving 
the zinc; but it is destroyed by. snlpliiiric acid in the atmos- 
phere of places where much coal is burned, and by muriatic acid in 
the neighbourhood of ihe sea. (Set^p. ) 


Section I FT. — Of Timher Built PieamR and Bibs. 




331. Jotftfled uiicl ■■ifleiited Built Bea>iiN. — In fig. 198 two 
pieA\s of timber are built int<» one beam of double tlie de{)t]i of 
either, by tlie aid of hardwood hn/s 
or jo(j(jle.% whicli resist tlie sliearing 
stress at the surfacti of junction, and 
of vertical bolts in tin; spaces between 
the keys. Ft is obvious tiiat no ke}' nor 
bolt should be put at the iniiblle of the span; becausi^ in general tliere 
is no sheamig scve.ss tluTe ; and also lu'causo the. Ixmding inoniont 
is ill general a luaximuni tlii're, and it is di’sirable to weaken tlie 
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cross-seetion as littb* as jiossible. Tbcgniin of tin* keys slionld run 
vertically. According Trcdgold, the joint depth of all the boys 
should amount to once and a-lhird the total depth of tlie beam, 
and the breadth of each key slmuld be twice its do]>tL. 

(Jonsidering that the .stress at the neutral surface is equivalent 
to thrust ill a direction slo]dng 
at 45'’, combined with tei^sion 
in a direction slojiing at -1 5 ’ the 
opposite way (see Article 162, # • i‘J0. 

p. 250), it wdbld seem tliat the best position for the keys would be 
that shown in fig. 199, ^heir fibres being made to slopd‘*iii the 
direction of the thrust, and the bolt^ being made to slof)e ic»d.he 
direction of the tension. This, however, so far as I know, has 
never yet been tried. 

Ip fig. 200 the two pieces ^of whicli the beam is built are in- 
dented into each other, a sacrifice of depth being thus iac\iiTed 
equal to the depth of an indent. The abutting surfaces of the 
indents face outwards in the upper piece, and ipwards in the 

• 2 H 









^ ^ — 
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lower, BO as to resist the terideiiey to slide. According to experi- 
ments by Duhdmol, the joint depth of the indents should amount 
, ^ to two-thirds of the total depth 

of the beam. The beam in the 
figure is slightly tapered from 
Fifr 200. ^ middle towards the ends, 

, in order that the hoops which 

are used to bind it may be put on at the ends and driven tight with 
a mallet. 

When a beam is built of several pieces in length as well as in 
dfij)th, they should break joint witli each other. The lower layer 
should be scarfed or fished like a tie (Article 314, p. 454), and the 
upper la}^!' should have plain butt joints. The upper layer of a 
built beam is sometimes made of hard wood, /.and the lower layer of 
fir, ill order to take advantage of the resistance of the former to 
crushing and tl^e tenacity of the latter. 

332. UibM are sometimes obtained from naturally bent 

piec(\s of timber, calk'd knees.” 

Naturally straight jiieccs of timber may be permanently heift by 
steaming them until tl\e wood is softened, and while in that con- 
dition bending them by combinations of screws, and keeping them 
bent until they dry and stiffen. By this process there is a risk of 
injuring the tenacity of the fibres at the convex side of the piece, 
unless they are prevented from stretching by the following con- 
trivance (see fig. 201): — A A is the piece of wood to be bent. Its 
ends abut against the bent parts of a strip of boiler-plate B B, 

which has two eyes C C, 
that are drawn together by 
a pair of tightening-screws 
at D till the required cur- 
vatu r(* is produced. The 
Fig. 201. whole of the fibres of the 

timber arc compressed, and 
none of them have their tenacity injured; and it is found by 
experiment that bent ribs made in this way are as strong as 
#iatura] knees. ' - n 




Fig. 202. 

Fig. 203. 


333. iitnilt Bibs are 

best made by a method 
invented by Philibert 
de rOrme, and repre- 
sented in figs. 202, 203, 
and. 204. Fig. 2Q2 is 
a side view, and fig. 
203 a plan of a rib 


made of sevei^al layerp of pUnks set on edge, breaking joint with 
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Fig. 2^4. 


each otlier ..(as the plan shows), and 
connected together by square bolts ^or 
wedges. • 

In fig. 202 the edges of the j)l;inks 
are supposed either to liaxe been 
originally curved, or hii\o llhd the 
corners smoothed ofiT: in fig. 204 it is shown }«)w tlicy may be 
used with straight edges. 

A built rib of this sort, properly constnieted is nearly as strong 
as a solid rib of the same depth, and of a l«r( .elih less by the thick- 
ness of one layer. 

334. ijnminaied Ribii are Composed, as in fig. 205, of layers of 
plank laid fiaJtunse^ breaking joint 
and bolted together. ‘They are 
easily made, and very often used 
in bridges and roofs; but the ex- 
periments of Ard.'int have shown 
that, they ar<i weaker than solid 
ribs of the same dimensions, nearly in the ratio of unity to the 
number of layers into which they are divided* 





Section IV.- 0/ Timber Frames and Trusses. 

335. General Keninrks on the llnlancc, Mtnbility* mid StrenKth of 
Timber Fraiiii.*.|{»-«-The general principles of the balance and stability 
of frames and ribs of any material, already given ki Part»l T., Chapter 
I., Section IV., p]). 173 to 203, and the general ]nincij)lcs of the 
strength of materials, given in the same chaptei*, Section V., np. 
221 to 314, serve to solve all problems relating to the balance, 
stability, and strength of structures in carpentry. In the present 
section it will only be necessary to add some ex]»lanations of 
matters of detail in those particular cases which occur most 
frequently in practice. In fixing the tranPKV(*rse dimensions,* or 
scantlings" of the inaift jneces of timber which comjmse a 
structure of carj)entiy, made of g^od pine, fir, er oak, it is usual to 
limit the greatest intensity of the stress, whether compressive or 
tensile, to .1,000 lbs. per sguare inch of section; and \^ien Jbis is 
compared with the tenacity, resistance to crushing, and modulus 
rupture, of those kinds of timber, it*appears that the factor^ 
safety ranges from 6 to 14, or thereabouts, and is on an average 10, 
as has been stated in Article 143, p. 222. 

33fi. PiairorniB df timber cdhsist of planks resting on beams. 
The beams upon which the planks rest may either be the main 
beams or girders of the structui'e, or they may be cross-beams or 
joists, supported lay those girders. (Articles ^7, §18, qP* 
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457.) The forrnor inode of construction is tliat whi^ enables a 
given strength* to be attained with the least exj)enditiire of material 
and labour^it tin* r)iitset; but* thejatter, in most case's, is the more 
economieal ifi Um* end ; 'for althoiigli it cause's a greater expenditure 
of inatejia^ in joists than it savef by requiring thinnt'r planking, 
the savi?ig in tin* (juaiility of plankfng is productive of the greatest 
saving nf r\peiis<g fnr the planking requires more frequent renewal 
than tin* jnHts. 

It, wamid b<' fnreign to the piirjiose of this book to describe the 
various modes of constructing the floors of houses. The timber 
])lal forms with which the civil engineer is chiefly concerned ai‘e 
IIkisc of bridges ami of foundations. The latter will be described 
fui tlu'r on. 

Tin' usual thick m ss of the planking for the platform of a bridge 
with joists is from .'1 to 4 im'ln*s, the joists being placed at distances 
of from ‘J font b) ■l‘'fv<‘t from centn^ to centre. That thickness has 
hern fbnml by ex pt'i iom'o to Im* retpiisite in order to withstand the 
shocks, frii tnui, and \\('ar, to which the planking is subjected, and 
is ill gi'iieral miieh gri'ater than is reqiibed for mere strength to 
supp<»rt I lie greatest hwjd with safl'iy. 

In bridges siipporling railways wlu're chairs are used, the joists 
iin' usually so arr.mgeil as to be iliri'etly under the chairs. 

Tin' breadth of the joists is from one-ciglith to one-quavtcr of 
their distain'e apart; and their transverse dimensions are fixed 
with relerein'O to tin* gn*at(*st load upon them a;nl. to the w'idth 
wliieii they vj^an o\('r b(‘t\\<*en the ginlcrs. Kur timber bridge's and 
pl.it foi'ius mtt. carrying railways, that load, in lbs. 'per square foot of 
pfftf/urm, is nearly as follows; — 


\N' eight of a elosely-[».ickcd eroAvd, estimatcel at 

Add for tin' planking aiul jiusts, .say 

(Jross load for a single xvooden plalfoini, 

If i Ill'll' is abiokeii sloiie or gravel road way, add 
Making in all 


1 20 lbs. per sq. ft. 
_3o „ 

150 n 
too o 

1 , tt 


When tire platform carries a ndhvay, the scantling of each joist 
mr-si, he regulated by the fact, that the load on a jiair of driving 
VT.ieels of the beax ie.st engine used on the line may rest above a 
eortain pair of jie.ints in the jeist, Should the rails be either 
diroetly ;ibove the girders, or so nearly above them that this rule 
gives a less .seaulling than the former, the rule for platfonas not 
carrying raihvays is to be followed. 

The best mode, in general, of designing the joiste, is to flx the 
ratio of the, depth ^.o the span with a view to atiffness, as ex- 
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plained in Article 170, ]>. 275, and then coinj)iite tlie breadth with 
a view to strength. • 

The following formuhe express the*iesiilts ot these rules algebrai- 
cally. • • •• 

Case I. For platforms nut ear-\i!ig railways, let 

• ... * 

B be the distance from eeiiln* to centre of the joists. 

5, the breadth of a joist. • 

//, its dt‘pth. 

/, the sj);in from centre to centre o*' t], • gird(Ts; then tho 
great<‘>t monnait of flexure is to i»<- i' follows : — 


l,tM)0 b Ir 150 li 


for I dank r<)ad\vays 


250 B/2. 11. 1 

or - lor broken stoiK' roadways : 

y X 144 • / 


and coiisctpieni ly, 

i ^ 

l,2SOA2 
h /2 , 


for jdank roadways; 


. bn bmKeii stom* r<»adN\ a\ s. 


Case Jl. Koi a platform eanying a railway, in which one line of 
mils lies nii(f>tTty between a pair of ginlej s, let 

t • 

\W be tin; load on a pair oi‘ dii\ing wheels of the lu'aviodt 
engine, in lbs 

kf the gauge of (he ^‘ails, //'oa/i nhdre to ietUr' m then, 

I Inaiig also I'Xjiressed in inches, 


and thendbre 


1,000 b //2 \V (l-Jc) 

G " ~ 4 

/ 5 wa-k) 

•••• 


Example . — Let l~ GO iiiches; A = CO inehea; h~- 12 inehe.ry-W = 
30,000 lb. ; then b 9 375 inches. ^ • .j» 

As to the length and weight of the .spikes to be ust^d for nailing 
the ])lanks to the joists, see Artieh*, 323, p. 4G0. 

\Vhen a jdatform has Iwtli ^girders and joists, it may »>e stillened 
against distortion by laying the planks diagonally. separate 

diagonal braces are used tor tliat purpose, their diineiisiona .^ould 
be regulated by the lioruontal shearing sti'ess wliic^i the wind may 
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produce when blowing* agiiin.st the side of the structure, as cal- 
culated by tlioii'oriiiula for F in Case VI. of the table, ‘p. 246. The 
givatest intcMisity of the pressure of the wind hitherto observed in 
llritain is- bo 4 b.s. on i^he s< j[iiare* foot ; in trojucal climates it is 
said HoirietirrH-s to n'ach double thj,t amount. (See p. 2226 .) 

Wlien tlf» r<* is no special reaso% for making a timber platfoim 
closc-j«iin(r‘d, it is advisable to hiy the planks with openings 
betwron llicni ol'^ironi L inch to inch in width, in order to let 
rain-water esea|>e and air circulate. 

icooIm — <; ovrrini; uiid i^oad. — Tin? parts «)!* a roof may be 
distinguish(‘d into tin; corat'iag and the jhiniework. The extent of 
tin; cov('ring of a I’oof is usually expre.ssed in squares and feet^ a 
square of rof;fing being 100 square feet. The following table shows 
tin* struelun* and w('iglit in llw. per scpiare toot of tlie most usual 
kinds of covering for tniiber roofs, and their tlatti'st ordinary slopes ;* 


^Jati-ioai,. 

fcJheet ro];|)(‘r, al)out ’022 of an ) 

inch tliiek, j 

Sheet Jrjid, '. 

Sliced, zine, 

Sliced, iron, jihiiii, inch tliiek, ... 

,, eoriugati'd, 

Cast iron plates, ‘I iiieli thick, 

Slates, 

Tiles, «. s 

l^uardiiig, 'I iiK'h thick, 

(Weight <»f otlu'r thicknesses in 
' ]»ro|»ortion.) 

Thateh, 

For the timbering of slat«*d and 
tiled roofs, ad<l i)ei‘ sqiian* foot. 
For tln‘ pi-essiire of ‘tlie wind, ac- 
cording to 'rredg<»l<l,j there is to 
he taken into .leeount an ad- 
ditional load jau* scpiave foot of 


KlattO'^t Ordi- Weight per Square 
nai\ Slope. Foot — Lbs. 


4'’ I -oo 



7*00 

1*25 to 1*625 
3*00 
3*40 
1 5 00 

1»J*00 to 11*20 
6*50 to 17 *80 
2*50 


45 


from ,3*30 to 6*50 


I 40 


She^l eo])]>er is nailed on Ixwirds. Slieot lead, zinc, and iron, 
nLvfvs, and tiles, may ho citVn‘r nailed on laths or battens (which 
are slender ])ieces of timber of from I inch by 1^ inch to 1.J inch 


* Tlu; angles set down for the slopes of rjofain this table are all aliquot parts* of a 
circuiaferenee; such angles being at once the most convenient in designing framework, 
and the most pleasing to the eye. (Tlie latter fact appears to have been first pointed 
out by Mr. Hay in bis Theory q/' Hmuty,') 
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by 3 inches, or thereabouts, niiiled jicross tlie* mfters), or upon board- 
ing of from i inch to J inch thick. Sheet iron may be nailed or 
screwed directly to the raftei's, and cast iron plates screwed or 
bolted to the jyrindped rafters to*be aftcrw»*ils mci/tioiTed. Roofs 
in wliich the fniniework as well a.« the covtu ing is of iron will be 
treated of in another chapte 

The steepest ordinary declivity in Gi>thic roofs is 60°; but by the 
Metro] uditrm Building Act, 185;>, tlie declivity of the roofs of 
buildings used for pnr])oaea of trade is Jim t ted to 47° 

338. Rnfterii niid PuHIiim are those ]>art.s ot the framework of a 
roof which lie immediately below the covering, so as to form with 
it a more or less sloping ]»latforin. In fig. 206, A A is one of the 
common rafters^ which arc [>l;iccd from 1 loot to 2 feet aj)art from 
centiv to centre, ami a»*e sup]K»rt<*d by the 

purliiiSj to wliich they are spiked or 
screwed. B is a cross-section of one 
the purlins, which lie from G tet‘t to 8 feet 
ajiart from centre, and are .slightly noteheil 
where they ci*oss the principal rafters. 

The side of tlie ]uirlin which faces down ^ 

the slope is sup])orled by im*aiis of Mu‘ * 20 U. 

block G, which is screwed to tJie princi])a) 

rafter D D. The])rincip;d rafters form parls of a series of fiamesor 
trusses, wliich are placed at from •'5 to 10 feet apart. Tn order to 
prevent the action of transverse loads on tin' ]>rinei])al raftei'S, they 
are to be supported below each ]»oini wlicn^ the iiiirlins cross tliem 
by struts, sueh as that of wliioli the upjuir I'lnl Is show^i at E. 

Diaijonal Braces, to stifleii the roof and stay the trusses against 
upsetting sideways, may Jie, framed either bctwt'i'ii the rafters or 
between the purlins. No jireciso rule can be given fi»r iTieir 
scantling; but they will in general he strong and stiff enough 
if each transverse dimension is made one-twentieth ]nirt of the 
unsupported length. When tin* roof is boa^led, the same pug;)ose 
may be answered by layiijg the hoards diagonally. 

339. Roof-TruMiiFM arc frames of the kinds already discussed in 
Articles 114 to 120, pp. 176 to 1184, in wlvch the principles that 
regidate the t^irusts and tensions along the several picj'cs have been 
explained. Tn the present Article it is only in*ces.sary 

what particular cases of such fram^ are the most coiftmop.,jiii 
pi'actice. 

I. Triangular Truss. — Fig. 207 is a skeleton figure of the 
Bimjdest foim of truss, which ^s an isoceles triangle, B B being the 
tie-beam, and A and 0 cipially inclined princijial rafters. 2 and 3 
are the points of support, 1 the ridge. D is a suspeuding-piece, 
which, when of wootl, is called the king-post, and when of iron, the 
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kmy-boU; it sup]j(>i t« tiie weight of the middle half of tl^'e tie-beam, 



Vitr. 207. Fig. 208. 

arjfl of any flota* or otIi(‘r load with wliicli that beam may be 
loaded. 

In tlie dia^iam, 208, the vertical line C A repr€‘s( nts the 
load on the point I ; that is, half the gross weiglit of the roof; O C 
and O A, parallel to the two raft(‘rs, rt‘j)resent the thrusts along 
them; and th<! h(ui/oiital line O B represent.*, the tension along the 
ti(!-beam. 

'fhe alg<‘hraie»vl expression of this is as iollows: — 

Jjet W be the .gross weight of the truss, together with that of 
the ilivisioii of the r<»of, of which itoetaipies the nii<klle, and tlu^t ol 
the floor, or other load suppoi ted by the lie-heani. 

<*, the lialf.span of the tni.ss, 

k, its ri.se. 

II, the l<‘nsion along the tie-beam. 

T, the thrust along each of tin* rafters; then 



IT. TaxrKZoiDAn Tiu:ss. — In fig. 200, B B B is the tie-beam, A 
niul*Ciw(» equally ineline<1 ]>nneipal rafters, F a horizontal rafter 
or strainimj' piece. 1) and B are susjwiuling-pieoes, to eavry part of 

tin* weight of the tie-beam, and 


/ I-' / 



also tliab of the llooi, which 
nsnally rests on the tie-beam 
between the points 5 and 6, 
togetlu*" tvitli its load. 


^ The same diagram of forces 
as in the former case, fig. 208, 
a]'p'bt-ft“io this ease.; it being understood that C B--B A rejiresent 
tlfct load?, on the points I at^d 4 le.speetiv ely ; that is, on each of 
those ]»oinls, one qmuTer of the weight of the roof ami truss, and half 


the wx'ight of the tloor betw'een the jioints 0 and 6. The Iiori- 
zoiital line O B represents at once tjao tension along the tie-beam, 
and the thrust along the straining-ni<*ce K 

The part of the r»>of aboyo tbe straining piece F may either be 
flai, or may b^o supported by a small triangular secondary truss 



ROOF-TRUSSESi 


•471 

(see Article 121, p. 184), similar to fig.* 207, and resting on the 
points 1 and '4. The straining-piece F of the ]u*incip:il truss may 
be made to act also as the tle-bea n^iy^ i^\c Kecoi*'iaiy tnis^^ in which 
case the thrust along it will be the excess o/ethe horlSonud stress H 
in the jyrhicipal truss above that in the secoadanj tnm. 

111. SixmoAKY Trussing Pkinuipal llAi-TftiRS. — The 

direct Rup])ort of the ]u»iiits wlien* the ])urlins ^ross the rafters, 
already mentioned in Article ]). is efiecled by means of a 
system of secondary trussing, of winch fig. -10 may be taken as an 
examjdc. That figure re]n*esents a truss in v fin b the main tie and 
the suspending-] )ieees art' all iron rods; bui it is a]>plicable also to 
the case in wliioh eillit')- stmie or all of those jiieces are of timber. 
(J. J/., 1;j!).) 

Let \V bt' the weigbUt»f the roof distributed over the ]>oints 3, 
4, (I, 1, 8, to, :3, so that on* ta'f‘tfih rests directly on each of the 
points of su])]jurt 2 and o, and one-sixtlt oiF eai'Ji of the five 
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intermediate p^rRits; 2 3 is tlie great tie-rod; 1 7, fi o, 8 0, suspend- 
ing rods; 7 G, 7 8, o 4, 0 10, struts. • * 

(1.) 7*W;/irt?7y Truss 1 2 The load at 1, as beloie, is to Vai 
taken as = ij W, and tl^e stresses fiumd by ecpiahon 1 of this 
article. “ 

(2.) Seroudary Triisscs 7 G 3, 7 8 2. — The load at fi is to be Jield 
to consist of one-balf <jf lh(‘ load between 0 and 1, and one-lialf of 
the load between G and 3; that is, one-half of tin* h»ad between L 
and 3, or \ AV. The trusses are triangular, Vach <*onsisting of I wo 
struts and a tie, and the stress(*s are to bo found as in Article 1 L'5, 
p. 177 ; that is to say, let 11' dercA^' the hoyizonlal stress in each 
of these secontftiry trusses; T' the thrust along th(‘ rafters^>etwe(‘n 
6 and 3, and between 8 an I 2, due to tlu'ir places in th'ose t”w. :s;ea; _ 
and S' the thrust along the struts 67 and 87 ; then 4 ^ 




The suspension-rod 1 7 KU])|)oi*ts two-thirds of the load on 7 '6 3, 
and two-thirds of the load on 7 8 2; that is, f * | ' AV = J W ; and 
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this, together with W, which rests directly on 1, makes up the 
load of \ W, Hlreadv mentioned. ' 

(3.) Hitmllcr Secondary Trasses 3 4 5, 9 10 2. — Each of the points 
4 uihI lO-Aist/Jns a lord of ^ from wJiich the stresses on the 
bars of tlioso .siiiiilic.r Uuasos can J;»e determined as follows; — 




.(3.) 


Orie-half of the load on 4, that is, W, hangs by the suspen- 
sion-rod GO; and this, together with J W, which le^^ts directly on 
6, makes np the load of ^ \V on that point, formerly mentioned. 
The Htamo remarks ap]»ly to the suspension-rod 8 9. 

(4.) /\*esultant Stresses. — Tlu', pull between 5 and 9 is the sum of 
those due to the* prinuiry and larger secondary trusses; that between 
0 and 3, arid betw«M‘U 0 and 2, is the sum of the pulls due to the 
primary, larger, so(A»ndary, and smaller secomlary trusses; that is 
ttj say. 


II + = Y/fc’ 


r> W c 

li' k ’ 




The thrust on I G is dm? to the primary tiMiss alone; that on 6 4 
to the primary and Jarg<‘r s<*condary truss; that on 4 3 to the 
primary, Jargoi* s(‘eond£iry, and smaller s(‘coudary trusses; and 
similarly f<»r the <Uvisious of the other rafter. 

(o.) General Case, — Su]»]3ose that instead of only throe divisions, 
thei e are n ilivisions in eaeli of llie rafters 1 3, 1 2, ofifig. 78; so that 
hosides the midille sus]M*nsion-roil 1 7, there are 71 — 2 suspension- 
rods under each rafter, or 'Z n — 4 in all; and — 1 sloping- 
stnjts under each ral’ter, or 2 u — 2 inwall. IMiore will thus be 
2 n — I eenti'i's of resistance ; that is, the ridge-joiiit 1 and 7 i — 1 
on each rafter; and the load directly supported on each of these 

points will he . 

^ n 

W 

The total loa<l on the ridge-joint 1, will be as befons, ^ ; that 


\V 'V / 1 \ 

is to say, -y direetly supported, and hung by the 

middle fjnsj>ension'rod. 

'^riie total load on the in>p\‘r joint of any secondary truss, distant 
from the ridgu-joint hy ni divisions of the rafter, will be, 

W; that is to say, ilirectly supported, and ^ ^ hung 


by a suspension-rod. 
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The stresses on the struts and tie of ea^h truss, primary and 
secondary, being determined as in Article 115, are to* be combined 
as in the pi^cediug examples. • 

The following forinulse give tb^ horizon tat stress It„, the thrust 
along the rafter T.,, and the thrust along the strut in that 
secondary truss which has its yghest point at m divisions of the 
i-after from the ridge-joint : — 


w c 

ink' same for each •‘CCf udary truss);... (5.) 


(also the same for eacli setondjirv truss.) 




«-=V { + 'Z (“ - } = Z, \/ ■+ (■’ - "•>=)■ <'■) 

It follows that the total tensions on the several divisions of the 
tie-rod and thrusts on the several divisions of the raftcTS, com- 
mencing at the divisions next the middle suspending- rod, are as 

( W c W / /c^ \ 

making = II, and ^ a / + 1 ) = T, as in the 

equations 1 ^ ; 




, 2 ^ 1 

. . n — .;( 8 .) 

n ^ ' 




In timber roofs, instead of resisting the horizontal thrust of such 
struts as 4 5 and 9 10 by means of tie-rods*, it is usual to m^ko 
their lower ends abut against a horizontal strut or straining-piece 
laid on the top of the main tie-beam, and extending from 5 to 9; 


the object being to give transverse strength' to tlie tic- beam. In 
that case the tension is unjform along the whole length of th^^ ^fe- ^ 

beam, being H • ^ ^ ^ " m 


IV. Gothic Hoof-Trusses belong to the class of “ Open Poly- 
gonal Frames,” already mentioned in Article 117, p. 179; and they 
exert' oblique thrust against Ihd walls or buttresses which support 
them. The framing is so designed as to make the horizontal com- 
ponent of that thrust as small as possible. 
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Fig. 211 may be taken as an example. 

• B'O'are borizi 



D 1.)', 



Fi;;. 2I:^ 


In this truss B 0 and 
borizoiital ties,e&6h cxtcMuliiig 
over one-quarter of the span, and F F 
is a .suspending-j>ioco; all the other 
pie^-es are struts. The struts A C 
and r\' 0' arc curv(jd for the sake of 
architectural effect; tluiir stnugbt 
linos of r<‘sislance, which are parallel 
to the rafters, are marked by dots. 
'J'he curved jiieces C F, O' K, are mere 
stays, to ])r(ivide against casual ir- 
j-egularities of the load, 
of resistance of primarfi are the horizontal line 
and the dotted Vum vs A •!), A' !>'. TJie diagram of forces is 
formed thus; — In tig. 212, draw O H horizontal, H G 
vertical, and O O || A l>. Take* JI G to represent 3-8tbs 
ol the weight of tluj truss with its load; then will O H 
repivsent the hori/onfal sti-ess, and O CJ tin* oblique 
thrust ex('rted along D A againsl tin* abutmont. 

Tin* dotted line. I) A is the line of resistance “f a 
frame or <*ompoun<l strut, consisting of the four struts 
A 13, A 0, B 1), and C D, and the ti(* B 0. Tln^ stresses 


Fi«. 211 


on thes(? pieees ar(! ?*e])resented as folh^ws: — 


the tension on B ( -, by OH (fig. 212.) 

(be tbrusls along 15 D and A O, liy O K || B D [j A C; (K bisects 

IJ G) ; 

the thrust on 1) by K li — M.fbs of gross load; 

Jbe tliiust on B A by 1^ K H = ,'^(jtl}.s of gross load. 


1) K I)' forms a .secondary truss, loaded at K with oin*-(piarter of 
tin* gro.ss load ; D D' is the tie of lliis truss as w»*ll as the straining 
})ie^*t* of the primary truss; and tin* ten.^ion arising from the action 
t>f tin* secondary truss is to ]>e subtracted from the thrust due to 
tin* aetion <if the jirimary ti-u.s.s, to find flic resultant thrust along 
J) D', wliieli is thus, found lo\ be repivseiitc^d by ^ O 11. The 
thrust along F 1.) is represented by ^ O K. * 

NireiiKili «i’ Miriii-RenT.iiH, nnd Bc*iit SirulHi — Let 

be tl'k* greatest diieel working stros.s, wliPth(*r t(*nsion or tbnist, 
along the line of resistanet^ of a given piec<^ whose breadth is b and 
dejitli A; M tin? greate.st working bi'inling moment, whether arising 
fnan a traiisx ers** load, or frinii the neutral axis of the piece not 
eoinyiding with the line of resistance (in which latter case M = H 
X greaU‘st distance of the neutral axis from the line of resistance); 
y’^the greatest sixfe working intensity of stress; then, 
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i] M* 
57 ?- 


( 1 .) 


and if h has been fixed beforehand, b is give^ by the/onunla 



« 

As already stated, f = 1,000 lbs. per square inch in ordinary 
carjientry. 

341. ifri«lae-TriiM«i'ii. — A biidgc-triiss is nsjidlly one of two or 
more jiarallel frames of carpentry, wliicli act as ^^irders, in sn|>]»ort- 
ing the cross-beams or joists of the platform of a bridge. (Article 
33G, p. 4G/5.) The ])rinHpal struts which it contains may spiing 
either from a tie-beam* like the. rafter of a roof, from iron sockt'ts 
connected by means of a tie-rod, or from suitable jiiers ami abut- 
ments of timber or stone. 'Ilie most nsual elemcfitary bgnve.s of 
bridgo-trnsst^s are, like those of roidHrusses, the triangle (lig. 2t)7), 
and ^lie trapezoid (fig. 209); and the principles of their stability 
and eqiiiliViriuni are the same, except tliat in a bridge-trnss, special 
provision must be made for the unequal distribution of the load, 
both transversely and lougitndinally. (»S<‘(‘ p. 800.) 

I. Load Une<iual Tntafiversrf t /. — 'Pliis case oc(‘urs ebicily in 
bridges for doubhi lines of rsiilway, when one track is loaded and 
the other unl(»aded. 'riu* pr(»|»orlions in wliich 1 he rolling load is 
distributed )\m’^the girdeis, vvlicn tluTc* arc only two of them, is 
sim])ly the inverse ratio of the hoiizoiital distuMoes (»f its centre itf 
gra\ity from the two girilers (Article 112, yi. 171), but there are 
often more than two gird<’rs, nn»st frerjiienlly four; and then, in 
order to determine the jii^iyiortions iii whicli the load is distrib^tetl 
over them, the assumyition is made that the erfiss-b<‘a7iis i-emain 
sensibly straight; so that tlie dillereiice between the delh^ft ions of 
any two of tlie girders, and conse(juently the dilfei-enee lK‘1w« (*n the 
shares of the load borne by them, is propDiti- in.-d .simply to the 
distance between them. 

'Po illustrate tlie aj)j>]iecilioii of this, Jet tlie gird«'rs, and the 
rolling load whicli by means ol a cross-beam is made to rest on 
them, be arranged in cross- section as follows; — 

W' o o* 


ABO a D 

W' denotes the position of the centre of gravity of the rolling load } 
O the centre line of the platform; A, B, C, D, the four girdei*s 
Then, 
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tlic nvmn share of vJie' rolling load borne bv each girder will be 
W' ^ 4 

To find ibe dt'viatioTiH froih thet mean share, let 


O B = ; O A O^C = — 0 D = — 2?, 


2> 


and let the Itorizontal- distance frofii O to W' be % 

The drviatioif from the moan of the load on any girder whose 
distance from the centre line is z must bea«/ a being a co-efficient 
to be fie term ined by the conditifni that the moment of W' relatively 
to () i.s equal and op}»o,sitc to the sum of the moments of the resist- 
ances of the beams r<dativcly to the same axis. This condition, 
expressed in symbols, gives W' Zq = 2 a (zf -{- ; whence 

W' z 

shares of the \‘olling load on the four 


■2(c? + ^r 


as follows 

— 


t- 




on A' ; 

W' 

4 

l-rt»2=:W' ( 

> 


W' 

/ 

1 

on B; 

i 

.!■« =rW' 1 

4 + 


W' 

___ / 

1 

on O; 

4 

1 

_»» 

II 

4"“ 


W' 

, / 

1 

on I) ; 

r 


4“" 


t (cj + zl). 
{zi - 1 - zl) 






....( 1 .) 


When the sluin'- of the load on D, as often happens, proves to be 
negative, it shows that the girder furthest from the loaded track is 
pulled upwards by tin*, platform. ‘ 

As a numerical example, let the bridge he one under an ordinary 
narrow gauge railway, and let the four girders be exactly under the 
four rails irspectix ely ; so that Ave may make, Avith sufficient ao- 
ciin*ey for the presen t^'purpose, 


then, 


Zj = S feet; 

; ^2 — 

8 feet; / 

Zq = feet; 

load on A = 

w(i 

C 

i + 

22 
73 > 

l=+ 

\ 

•551 W 

„ B = 

w<(! 

i + 

33 > 
292> 

>=+ 

•363 W' 

n C = 

wQ 


33 > 
292> 

)=+ 

•137 W* 

» D = 

T(j 

t 

22 > 
73 > 


•051 W* 
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These results have been veritied by careful experiments on a 
gmit scale. 

The most important of them practically is flio share of the load 
on A, l>eing the greatest share, fu order to arrange the girders 
BO that this share shall not exceed one-lialf^ tlie following equation 
should be fulfilled : — ' 

^ 'y® ^ \ 

-^1 — - ^0 ^^2 \ f 

For example, let = 6}j feet; -c'g = 10 feet; then = J 10 
= 3*16 feet. 

II. Load Unetjual Loiuyitud'iiialhj. — This s* ’ » of inequality must 
be provided for in every eas(^ in which the ligure of the truss has 
more sides than ihivc. 

The most im])orlant example in pi-.ictice is that of the trapezoidal 
truss, whether springin^^ from a tio-bfam, as in fig. 209, p. 470, or 
from a pair of abutment.'^, or from sockets connected by means of a 
ti(;-rod. 

There arc two means of enabling the truss to , resist a partial 
load: by the stiffness of a b)ngitu(linal beam, and by diagonal 
bracing. 

The longitudinal beam is either the tie-b(‘am, or, in tlie absence of 
a tie-beam, a beam resting on the top of tile truss, and bolted to 
the stminiug-piece F in the figure. 

Let c denote tlie lialf-span of tht* truss ; a?, the distance of tho 
points 4 and J from the middh^ of ilaj truss. 

Ijct a partia^^load AV" bo afiplicd at one of tb(‘se points, tho 
other being unloaded. Then the longitudinal beam lias to resist a 
bending action, which is greato.st at the loaded point and at the 
unloaded j>uiut, producing convexity downwards at tlie loaded 
point, and ujiwards at tint unloaded point: the bending moment 
has the following value : — 


M 


,_Wx(c — x) 


.(.• 5 .) 


and the stress produced by it must Ije taken*into account in Hxlng 
the dimensions of the longitudinal beam, 'For example, if a; = c -i- 

3, M' = W' c ^ 9. o * 

To provide I'l^sistance to a })artial load by diagonal hraciingy there 
should be two diagonal struts, in the positions shown by the 
lines 4 5 and 6 I in fig. 209; 4 5 to act when the partial lo 4 .d is on 

4, and 6 1 when the partial load is on 1. The greatest thrust S 
along either of them is given by the following formula: — Let k be the 
depth of the truss, from the centre line of F to the centre line of £L 


Then 


S = AV' 


c X 

2ck 



4*2 + **... 


(4.) 
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34-2. Coinpouiid ifrici|ie-'i'rtt««. J/., 160.) — The general 

nature of a^coriipoiiiid truss has been explained in Article 121, 
j). 184. Kig. 213 is a skeleton dhagmin of a compound timber 
liridge-tijKss,, on the princrple \>f those of the celebrated bridge 
of Sciiuiriiausen. 


j s 1 '' a c n 



Fig. 21. 


It consists of four elementary’ trus.ses, viz. : — 

1 2 3 4 loaded at 2 and 3, 

1 T) (i 4 „ o 6, 

. I 7 .s 4 „ 7 8, 

104 „ 9; 


but all those trmses have the same li<‘-])eaiii, 1 4; and the ])ull 
along that tie-beam is the sum of tlie pulls dm* to the four trusses. 

'Die vertical lines rx-present suspending-j)ieces, fi‘<uji wliieli the 
tio-heam is Iiung. The ti<*-beam sup]>orts the cros.s-beams of the 
platform. 

An arrangement of struts similar to that in the figure, but 
without the tie-beam or su.spendiiig-])iee<‘.s, and supporting the 

platfoi-ni j)h» ve, is often used 
for timl>er bridges with abut- 
mejjts. Stay-pieces, lion- 
ever, are rotpiired, nearly 
ill the position of tin* upper 
in the ligure, to give sufficient 



1- iir. *2 1 1 


parts of the 



-I — -- 


siispendiiig-piet 
btill’ne'^s to the struts. 

313. UliiKOiinlH'britvril C^irder. — This sort of 
ginles, of which lig. 211 is a skt'leton tli.igram, 
was lirst introduced in Ameiiea 1)V Mr. llovvo. 
Tli^ two horizontal h'rs, or “booms,” re.sist the 
bending moment of the load; they are made of 
layers of jilanks .set on edge, mid bolted together so 
as to break joint, aa in the built rilis of Article 
333, p. 46^. The .sh('aring action of the load is 
resisted by the vertical siisp(*nding-pieces (which 
are iron rods), and the diagonal timber struts, 
which abut iu:o irOn .sockets, as sliowui on a Itirger 
scale in lig. 210. In the latter figure A is the 


Fig. 216. 

upper or iiompressed l>oom, and B the lower or extended boom; 0 
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tt auspentliiig-rod ; D, rf, .struts sloping \ij) 'towards tlio midillo of 
the span, ahd indicated hy ]»Iain lines in fig. 2 Id; E, e, struts 
sloping uj) towards the nearest pttint.of support, and indicated by 
dotted linos in tig. 214. 

The diagonals shown by full line.s are all that would be reiijuired 
if tlie load wore always unih^ady di.stributod over >Jie girder. 
Those shown by d<^>ts are neeessary in order to resist travelling 
loads. 

'riio aotions of the load on this girdtu* are ooinputod by the method 
already explained in Artiolo KiO, pp. *J 'o f 21:.'h as a])j»li(Ml to a 
beam loa<h‘d at detaohed poinls. The L'loiula for bcmding 
moment at any l■ro.ss-s<•(•tion has already been given in Artiele hil, 
Case VI 1 1., p. 217. In eonip\iliiig fne shearing Ibice, regard must 
bo had to ilie aolion nf a travelling load, as t‘X]»lained in Article 
161, Case IX., pp. 217" 2 IS. 

Till! fiillowing ai»‘ tin* most eon\ onion t fo»-mnlio in jiraetiee. 
One of tlio points of snpj>ort being nninl)en‘cl (I, tie' joints of llie 
iip|»er boom are to 1»* numbered <*oiise»*uf.i\ely from that end of the 
ginler towards Mm middl(‘, a.s in lig. 214; — 

Lot VI (haiote the uunilxT of any joint, and N tin) total number 
of divisions in tln^ b(‘am. (fri the tignre X r=: S; and for the 
middle joint, n ~ t. \N'hen N is othh tla re is no middle joint.) 

Let k donore the luMufhl of the girder, nn^asured from ecaitre to 
centre of the hoii/onial bourns; 

If its span ; so that / -^ N is the length of a di\ isifui ; 

s, the Ii*ngl h'ofa diagonal, measured along it.-? line of ri‘.>.i.stance, 



Wf the uniform steady load uj)Oii each joint; 
w/, the greatest trav(*lling load upon eaeli joint. 

The divi.sions of tlie horizontal hoorns arc* to he nnmh<*red 1, 2, 
3, 4, from tin; ends towards the middle; so that in lig. 214, Divi.sion 
No. 1 of the ujiper hoom lies between 1 and 2; Division N(c 1 of 
the lower hoon\ lies }»etween 0 and the snsjK'iiding-rod I, A'c. 

Suspending-rods and diagt>nal' are dt*signated by the iMimb(*r of 
the joint wheiV* their upjjcr ends meet; thus, in lig. 21o, if u be the 
number of the rod it i& also the number of the larger diag.o";J 
D, and the smaller diagonal E; while the number of d is vt,+ 1, and 
that of 0 , n - 1 . ^ 

Let IT„ be the thrust and tension along the division /* of the 
upper nnd lower booms; 

V,,, the tension on the vertical rod n ; 

T„, the thrust on the large diagonal n ; 
the thrast on the small diagonal n. 
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{w-^w')l n(N — ?i) 


(\vln‘n iJk* |>I.»n‘(»i Mi /iff /f// from tlic ginh^r, for all oxct.*}>t the 

■Ml' \, (\-y0 (N 1) /,v 

iiikMI** roil) ^ y ^ 

V (wIj. ii i1m* ])latf'onM is l)ini,«T from the j^nnler, f(»r the middle 


r(*rl) - - //; + 




(WIm'ii I lie platfui'iM rests on llio toj) of the gij'der, subtract w + w 
lioiu racli of the above values of V.) 

, /e.s'/N I- 1 \ wx (N -ly) -(X 1- 1) ... 

^ fnx/'S 1 \ ins vy, 

-/■ ( 2 k ’ 


WIkmi the last foi'iiOila (5) gives a iinll or negative result, it 
ftliows ( ha.t the smaller diagonal in thedi\ision in (]lu^stion is iin- 
iieeessaiy. 

A eommon inclination for the diagonals is 4/)°; the correspond- 
ing \alwe of .s* -f. /• is I I I I, and tliat of / -f- Jc is N.* 

'fhe following is a, nnniericul example: — 

Span SO fVet, in ♦iglif (‘<pial divisions; that is, / = 80; N = 8. 

/• 10 feet ; .v 1 1 • 1 -I feet. 

tr oOOO lbs.; yy/ 10,(MM) lbs. 
flalhu'in hung lu low ginh r. 


11 

11 

V 

T 

t 


lbs. 

lbs. 

lbs. 

lbs. 

I 


5 --r>oo 

/ 4 j^.>o 

m^gative. 

2 

yo,ooo 

. 3«.750 

54.7 <>2 

negative. 

3 

112,500 

2().250 

37 :' 28 

7,070 

4 

1 ^jOOOr 

17.50^ 

2 T, 2 IO 

• 


Xli** last cofumn shows that, in the e:?!iainj»le chf)sen, the dotted 
^\iL»gonalc are. reijuireil in the two middle divisions only. 

'file value of 11 for it -- 4 a))]da‘s to the lowei- boom alone, as the 
uj>])ev boom bus only three divisions on •jieli side* of the middle. 

311. iaiiH« «>-work ^.iirfirrn of timber wi're first introduced by Mr. 
Itlii(‘l Towiie. I'lie lattice- work consists of planks inclined at 
lo° lo the horizon pinned together with tretmails. 

• See page 493. 
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A lattice ginlcr, even witlioiit horizojitjil booms (as in fig. 216), 
is ca]>abl<* of supporting a certain provided its^nids arc made 

fast To stable pitas; aiul, iindta* iIm*sc cireuni lances, its inouiont 
of resistance at any ero■^s-st*elit^n is simjdv tli 
6U!u t'f the nif)iin*iits of re.sislane«- of i* ]>lTi 
intei’seeted by that cross-.M‘i*tion. Hut Ibi 
mode of coDstruetitui is unf;i\^>urablc both to 
economy and to stitriu'ss. Wlnai liorizonlal * 
booms ar»j bolted to tlu‘ latti(*«‘-\vork at its upper 
iiiid lowt'!’ etlges, tliey may Ik* e<*n^i<lt*rtsl, w » >,.t 

seii''ibl(M‘rj’or, as sustaining all tlie beinlina 
meiiL, like tliose in the e\anij>le of tin* last articL ; wliilc lh(^ 
lattie»*-work brar.s tlie sliearing action of the ]oa<l, dis ributi'd with 
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apj>ro\imate iinifonniiN among'^t Iho b.ns oi* ]»1:ndvs. 

.‘bio. Tiinbri* /trc-ln*-.’- When a tiinlM*!* aieli Is e\ac-tly or ne;ii-ly 
of the form of an (Hjuilibrated rib ol’ unifonn.sl naigtli under tln^ 
stcadv part (‘f its loatl, and is snbjeet besides to a foiling load, its 
strength is to be eonijuiled aecortliiig to tlu‘ nn^liods of Article 
18(1, pp, 21)6 to .314. 

The usual form for timber arches is a sc'gment of a circle ; but 
the fornudjc for a parabolic rib may be iisfcl in ]>racticc without 
material error. In almost every ease the rib may bo consid(;red 


a.^ Jlxctf ill (Ureditnt <if ifie em/s: so that if the abut-nieiits are 
imuKJVeahh*, tin* hu’iiiijla* to be employed will b(‘ th()S(‘ of JVobleni 
IV., tKpiatioiis 30 to n, pp. 3U3 to 308; iiiid if the abutments 
are sensibly iinTciiiible, expiation 40, p. 308, is to be used instead of 
equation 30. • • 

111 d(*.siguing a timber arch, the gre;it(‘st working delleetiou 
sliould be ctunputed by the eqn.itiou 61 of Article 180, p. 313 ; and 
the pieces (»f timber in life arch and superstructure. sliouM be |Tro- 
portioiKHl as if the jilatl'orm were to lia\e an ujiward coii\e\ily or 
*• eamber,” with a rise in the centn; of the span (Mpial to the 
calculated dellection. Tin* result yvill he, tjiat tJie [•latform will 
become horizontal, or nearly so, when fully iToade l. 

Semicircular timlKT ribs are now often employed to suppoi’t 


roofs, for the sake of ai-eliiteetu^d .‘ippearaiicr. 
A C B be a qi^idrant of such a rib, under a load 
miifornily distributed liurzontally, O being its 
C(‘ntre. Draw B D and A D tangents to tlie 
neutral layer at the sjiringing and at ttio crown; 
bisect A D in E; then, if I lie areh be jointed 
or hhiged at A and B, E B will be the direction 
of the thrust at B; and its* horizontal com- 
ponent will be half Uie load' on the quadrant; 
iliat ia, 


Jii tig. 217, let 



Fig 217. ‘ 
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H = 


W T 


2 ^ 


< ( 1 .) 


r being th/r ratlins O A, and*t^ mo load per lineal unit of span. 
The greatest b(^n(ling inoiiicnt, on the same supposition, occurs at 
C, 30" ii\)ovy, the springing. That ^iioment tends to make curvature 
sharper at tliat p(ant \ and its value is 


M = 


yp pi 
8 


( 3 .) 


The value of the direct thrust is 2 H.= m; r, as given by equation 1. 
By the use of these values in the formulae of Article 340, p. 475, 
the pro]:)er scantling for the rib may be coinjmtcd. The supposition 
of the rib being hinged at h ami B is not perfectly realized in 
practice 3 but it will not lead to any error of importance. 


31G. Timber HpantiriiM. — When timber 
arches sn])port a level i)latform, each 
spaiidril in general contains a series of 
upright posts for transmitting the load 
frcjin the i»latform to the arch. A hori- 
zontal beam on the toj) of each row of 
posts should have strength and stilfness 
Buflicient to resist the load Ixitween each pair of i)osts. 

To stillen the franui transversely, the posts which stand side by 
side should have diagonal braces betw(;en them ; the smallest trans- 
verse diinension of any brace not being less than about one-twentieth 
part of its length. " 

To still'en the frame longitudinally, diagonal braces may be 
placed as in lig. 218. To lind the stress which any one of those 
diagonal braces should be capable of resisting with safety, let the 
upright posts be numbered from one end of the arch to the middle, 
0, 1, 2, 3, &c. (like the su spending-rods in Article 343). Let 


O i a \ J J/ 



Fig. 218. 


N be the total number of longitudinal divisions in the platform. 
n and /a + 1, the numbers of the posts between which a given 
diagonal b15p.ee is situated. 

B, its length, and h tne difference of level of its ends. 
w\ the greatest travelling load on onojpost. 

T, the, greatest amount of thiust along the diagonal ; then 

n(n+l) ^ 

k 2 N ■ ' '' 


For the diagonals between 0 and 1, indicated by dots in the 
figure, this expression is = 0 ; but nevertheless a pair of diagonals 
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iRuy be placed there, of the same size with the smallest of those 
between 1 and 2, in order to give additional stiffnessi 

Jt is possible that when the|aruli is pariially loaded with a 
travelling load, some of the iipriglit ])icces yhich, w^ioifthe load is 
uniform, are j)osts, may have act occasionally as suspending- 
pieces. To find whether this tlie case for any gi'^en upright 
piece, let n be its immbor, and ta" tlie (lcad\oixd resting ui^on it; 
then compute the value of the following expression ; — 


and if this is ]iositive, it will give the giwitcst tension on the 
upright; if null or m*gativc, H v*;!!! show that the upright acts 
always as a strut or pcfst, and never*as a sus[>ending-])iece or tie. 

Another mode of construction is to make all the diagonals iron 
tie-bolts. In this case equation 1 will give tlid gr(«.t(!st tension on 
any given bolt. The uprights will always act as j)Osts, and the 
greatest load on each will be given by the following formulae : — 

= + (3.) 


347. Timiwr KoMMtrJii;^ fiifrdcr, (1^’ig- 2111.) — 111 a girder of this 
kind, a timber arch springs from a tie- 
beam, which sujiports the cims-beams of 
the platform, and is hung from tlie arch at 
intervals by vertical suspend ing-pieces or o 
rods, with diagonal braces between them. 

The tie-beam has to bjar at once a ten- 
sion equal to the liorizonlal thnist of tlie areh, and a bending action 
due to the load supported on it between a jiair of susj lending- pieces; 
and its strength depends on the prineijiles exjdai ned in Aitiele 340, 
p. 474. . 

TJio greatest tension on any suspcndiug-])iet.e is to be found by 
means of equation 3 of Article 346, above. 

The greatest thrust along any diagonal jis to be found by means 
of equation l*of the same Article, p. 482. 

TJio horizonW tie of a timber bowstring girder should never be 
made of iron, as its expansion and contraction would strain aiid^at 
length destroy the timber arch. 
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348. Timber Piem. — A timber pier for supporting arches or 
girders may consist of any^ convenient number of posts, either 
vertical or slightly raking, and connected together by horizontal 


and diagonal braces. 

Each post should be l^raced at every point where there is a joint Id 
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it, and at aclditional j)ojn<s if necpsaary, in order that, the distance 
between the braced points may not be greater tlian about 18 or 1^0 
times the diaim ter of the ^ost| (As to lengLlieniiig posts, see 
Article 31.5, p/’4o0'.) < 

Should the pi<a' have lateral Ijirust to bear, whether from the 
action of tin; wirnl or from tha^ of the load ujKm the super- 
striictiiie, tin; fillowiiig princij)les are to be iittondod to: — 

f. 3’lie posts at tin' base of the pier should, if possible, s[)read to 
siieh a distaru-e from each other that the lalera-l thrust may cause 
970 h'7isiit/t on any one of them. For example, coiiui^ive a pier of a 
timber viaduct to consist of two 2 )arall(*l rows of posts, let the 
greatest horizontal thrust in a direction ])erpendicular to the rows 
be TT, acting at the height Y above the base of the l>ier, so that 
1 1 Y is bs moment ; let W bti ihe gross verti'*al load ()f the pier, and 
the. n‘(piire<l distance; fr<mi centre to ceritrt; between the two 
rows of posts at the base of the pier; then make 


B = 


2 Jf Y 
W ^ 


(1.) 


and there will iievra* bn tension fm any of the posts. If thi.9 
arraiigiMiient he ma<h‘, t]i<» ir/ia/e load \Y will bo concentrated on 
ro77) fxhsls wImmi tin; gre;it<‘st thrust acts. In other cases, 
the load on the row ol‘ [»osts furthest from the side of the pier on 
wJiich the thrust acts will be, 

w . ir Y 

2 B * 


If the pier consists of more than two rows of posts, let n denote 
the number of ro\\s, and let them b(; e(pudistant from each other, 
B being still the <1i.slance from ceiitn* to ceiilre of the outside rows. 
I.iet P denote the share of the load which rests on the nnv of ]>osts 
furihest from the side tin* thrust is applital to, and B' the share 
whicli rests on flit; row ji(*ai*e.st that side. 33ien 

F^’W+ . IIY (»-!)>* \ . 

W B {(re — 1)- -j- (re — ■'{)- ifei:.}- ’ 

,W_ ITY(re-l)2 _ . 

re B {(re — 1)2 + (re — 3)= + &c.} ’ ^ 


the series in the denominator of the second term being carried on sa 
long as the n umbel's in the brackets are po.sitive. 
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The best value for B is found by making rP' = 0; tliat is to say^ 


in which cas 


,, . 

— 1)“ — ^)i+ 


2 W 
n 


.(;>.) 


.( 0 .) 


II. The horizontal and diagonal braces ai*e to be calculated to 
resist the horiz(nital thriist» in the same mainu r that the sus])cnd- 
iiig-piecca and diagonal struts of a diagonal 13 braced girder are 
calculated to resist the shearing stress, sin)pi>sing that shearing 
stress to be the same at all [)oiiits of the gird(*r, and = 11. 



Fig. 220. — [Portage Bridge over (he Genesee River, from a Pl^otograijh.J 


349, Centres for Archm. — The use and g(meral con str lection of 
centres for arches have already bceR exj»la:ned in Article 2rt, 
p. 415. The present article relates to the figure and strength of 
the^ribs or frames which support the laggings. 

I. Action of Load on Centre. — The building of the arch 
should be carried up simultaneously at the two sides of the 
centre, so that tlie load ou th.e centre may never be sensibly 
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unsymmetrical. The 'loading of the centre will thus advance 
from both cftds towards the middle; and its most severe action, 
whether (y)inpres.sive, shearmg,W bending, will take place just 
before the key-stones .^re driven into their places. 

If there w<;re no friction betwoen the arch-stones, the load upon 
the ce ntre could be computed exac tly. The friction between them 
renders all forim/he Ibr tluit jmrpose uncertain. 

It is usually stabsd that the arch-stones do not begin to press 
against the centre until courses arc laid the rlone of wliose beds is 
steeper than the angle of repose ; that is to say, Iroju 25° to 35°, or 
on an average, about 30°; but in oi'der that this may be true, the 
lower part of the arch must be so thick as to have no tendency to 
upset inwards. A thickness equal to about one-tenth of the 
radius of curvature of ilitj iii'trados is in g-sneral sutlicient for that 
purpose; but si ill any aecidcmtal disturbance of the arch-stones 
may make tlu 'ii ])less against the cmitre. 

Each sxiccess’ve coui-st? of arch-stones that is laid causes the 
])ressurc exerted by th(i ])rovious courses against the centre to 
diminish; and when a semicircular arch is completed all but the 
key-stone, the stones whose beds slojie less steeply than 30” have 
C(*ased to jiress against the centre, and. that even ahhomjh tivere 
should he no friction. In fact, wluui the load on the centre roaches 
its greatest anioiint, its action is nearly the same whether friction 
operates sensibly or not; and considering this fact, and also the 
fact that any errors in calcuhition caused by ii(*glecfing the friction 
of the stones on ('ach other must be on the side oi safety, it ajijiears 
that for ]»raetical ]»ur])oscs it is sullicient to calculate the load on a 
centre as if the frielion bijtwtvn tlu^ stones were insensible. 

iVhe following arc the re.siilts: — 

(1.) General Case . — Let w <lenote the weight per linecd/oot of ilie 
inirados of the arch resting on a given rib of a centre. 

JiCt the co-ordinates of any point (such as 
.D, fig. 221) ill the intrados be measured 
from its highest point A ; x being im^asured 
horizontally, aud y vertically do wui wards. 

Let .T 0 and be the co-ordinates of the 
point 0 . 

Let r be the radius of curvature of the 
intrados at the point D. 

tf, its incli'^atioii to the horizon. 
p, the normal pressure against the rib 
at the point D, lineal foot of intrados; 
then, friction being insensible, 



6 — 


1 

r 



wdy\ 


p = w 


( 1 .) 
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and the greatest value of this is 

w * 6,* 

JiCt P be the total vertical load arising from the pressure of the 
, arch-stones on the rib between C^aiiil D ; then 

w 

and the value of this, when the arch is coinpli ie all but the key- 
stone, is. 

= jl' P d (niiikiiif; = *>) J (2 a.) 


ajj being the lioriztmtal* distance froiTi the middle of the sj)an to 
a point for which p = 0. 

If the i-ib, instead of resting on a si*ries of posts, asjn fig. 221, is 
siij)ported as a girder on tlie abutments or ]^iers of jthe arch, or on 
timber piers of its o\m, 

Let c be the half-span of that girder; 

M, the moment of lh;xurc in the middle of, the s))an ; tlnm 

M = Tc— j^paidx} (.3.) 

and the greatest value of this is 

== Pj c — 2* ^ .Vo ^)- - A-) 

Formula 1 a. sel ves to compute the greati'.st load to be borne by 
the laggings or bolsters; e<]ifation 2 .serves to compute the load •n 
any vertical jiosst, or the vertieid component of the l<>ad on any given 
hack-pi£cef or segment of the rib immediately under the ljigging.s; 
and the total transyer.se load on such a ])ie( e i.s 

P sec ff !* (4.) 

^ being its inclination to the horiz^i. • 

Equation 2 A.«gives the greate.st vertical lhad on each half of 
the rib, and serves to com['ute the total strength reqitlred for its 
vei-tical supports; and equation 3 A serves to compute the sV'ongth 
required if the rib acts as a girder. • * 

(2.) Circular Arch not exceeding 120®. — In an arch with a circular 
intrados, we have — 

• 

X = r sin ; y r f 1 — cos BV, 

XQ=ir sin 6^; y^=zr{\ — cos 

x^ = r sin»<^i; Vi (1 — gPS • 
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Let 8, Jq, (lonotcj of arcs measurcid from A in feet. 

L(jt the weij^Iit ]»er loot of ^itrados w be constant. Then th» 
normal jy.cssjire j)cr foot of^utAdos is 

= U7 (J coa 0 — cos^^q) = w * (5.) 

and its gr('!it(ist®vjilue for a given jioint, 

w cos 0 =zw - ^ ~~r ~ * (’^ 

The verlical load hetwocn 0 and D is 



which, when tlie load is cornjdete up to A, and I) is at the aprJng- 
iufff b('com(‘s , 

= t/; r I — sin (1 — cos j* = iv | j • 

in which last expression, the lead on the half-rib is given in t(‘rms 
of its length, .Vj, its /Hf/J-s/HOi, and its ri.sr, ' 

^l"he gi*('jctest iiioinent of Ilexuro, iM^, on a gM*d(‘r-rib of tluj half- 
spen c, is as folln\Ns: — 



In em])l()ving these forinnhe, it may often be convenient to use 
the following expiessious for epm]»nting the ividius r and length 8 
of any given aic from its half-‘-]»an x and rise */ :— 

= (^ + j') 2; , = .r(l + J j nearly. (8.) 

The load on any arc of the rib may be rcpr()seuted gra]diically in 
the following manner : — ^ 

‘Jn fig. 222, let A B be a <iuadnint, described about O with a radius 
representing that of the iiitrados. Let G be the point up to which 
the arph hai^ been bui^, and 1) any other Doint in the intrados. 
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Conceive that the /i«// of the f'iuliu.s A *0 represents uf, the 
weight per foot of in trade )s. \ • 

T*Vom C draw G E|| A 0; bisect !g E in F, from draw 

F H II O B; draw D G || A O; * • 

then will DG represt‘nt the iioiinal . 
pressure on each lineal foot of tli(^ 
rib at the point D ; and llie shaded 
area 0 D G F will repn^sent the 
vertical comj)onent of tin* lo;i<l un 
the rib between G and 1), both in 
amount and in distribution ; that is to say, 

^ A O : iv; : : D G : 


11 


iMu 



: : ( ; DCF: P. 


The point Tl is that below wliieb tin* aieh .stones cense to ](n*.ss 
on tht» rih, when tin' arch has beou built ii]) to tin* jioiift- ( 

The case in which tin*, rih is c*)ni]»letely loaded, the arch heini:i; 
finished all but the key-stone, is representcil h\ lii;. 'J’Jli. I>is<*et 
the v(*rtical radius A O in K, an<l conceive A Iv t«) represent ?/;; 
draw K L || O .R ; lj will he a ]»oiiit Ih‘ 1 ow wliy*h the stones do not 
pr(‘ss on the rib (.sai»j)osiij<x tin* areli to <‘\l<‘iid so tar); and at that 
point = GO®. Let D be any point in the inlr.idus; diaw l> ]\I || 
A O; then 

A K : : D M : p 

• . : : A D M K : P; 

• • 


and if D is the .'-primjuitj of (ho areh, A D M K represents tlui 
vertical load on (lie half rib, Fj. If the arrow P in tlio fic^iiro 
represents the position of one of tin; two sn[ij)orts of a girder rib, 
O P = c in e('piati<»u 7. 

(3.) CircAdar Arvh of 1 1^0° and npioafth - --neean>e‘ the areh-sLon(*s 
* below tin; |)oiiit wh(*re the inelinali(ni of the iiitjadi**^ to (lie horizon 
is G0°, do not press ujion the ri)> when (In* J^iad i^ roMi[>Ieio, the 
value of Pj tor J it ap]»li«s also to all greater ealu(‘.s of 9^*, it 
being understood that in (‘very siicht*ase. we av^; th make 

* 1 = \/ ^ • r = -se.] r; Sj = 1 0472 /; ...fj).) 

whatsoever the actual rise and sjian of the arch may he. This 


gives the following results : — 

Pj = -GH2 tor; ( 10 .) 

M, = t/j r ^-6143 c — (11.) 




(4.) Non^ircvlar Arch. — Fyid the two j)oints aC which the in- 
trades is inclined 6*0° to the lickuzon; conceive a circular arc drawn 
througUHlifiini mid tJjrougli the crown of the intrados, and proceed 
as in ('as(i 2, caleu lading r and s by the forniiihe 8, from x and y, 
the co-oyli nates of* eacli of the*two points where the inclination of 
tlni intrados is 60°. The resulti will be near enough to the truth 
fo»* ]>raetical pifrposes. 

I J. STJtiJtJNG-PLATiss AND Wedges. — Thoso terms are applied 
to the a])j>aratus by wliich the centre is lowfjred af^cr the arch has 
b(;en coinj)letcd. Fig. 224 represents a pair of striking-plates, A 
and B, with a com]»oiuid wedge C between them. The lower 
striking-plate B is a strong bt‘ain, suitably notched on the upper 
side, and resting on the top of the pier or row of posts which forms 
one of the siipporCs of a centre; the upper 
striking-plate A, notched on the under side, 
lor ins the base of part of the frame of the 
C(‘ntre; and the wedge C kccjis the stiik- 
Fi;r. 224. ing-])lates A and B asunder, Vieing ikself 

ke])t in its ])lace by ke^s or smaller wedges 
driven ladiind its shouldoix When the centre is to be struck, 
those keys are driven out; and the w(‘dge 0 being driven back 
with a mallet, allows the upper striking-] )late to descend. Jii fig. 
221, ]>. 486, S, S, H, rcprostait the ends of ]mrs of striking-plates 
resting transversely on the iiosts or jiiles which sujiport the entire 
centn;. In some centres, of which examples will be given, the 
striking-jJates Ite longitudinally. In the centres introduced by 
Haiihjy, eacli lagging can be struck separately by lowering the 
wedges or screws wliich siqiport it; so that striking-plates to 
8u]j])ort the entire centre are uiinecesi^iry. (8ec p. 493.) 

111. Fiiamino of Centres. — The back-pieces which form the 
iipjicr edge of tlic rih, are usually supported at j)oiiLts from 10 to 
Iti fcHit asunder. In some examples, however, those points are as 
close Jis 5' or 6 feet. • 

It is essential that a centre sliould possess stiftiiess so great that 
polygonal frames of many sit^^s and timoer ai'ches are unfit forms 
for its rihs, becaiish of their flexibility. Such •forms have been 
used, but have eauscHl great difiicujty and even danger in the 
consW’uction of the arch. The kinds of framework which have 



been found to succeed ai*^ of three kinds, viz. : — 

(1.) Direct supjiorts fnini intermediate points; to be always 
employed when practicable. 

i .n \ T T j X i • 1 Bo be employed when inteimediate 

2. Inclined stijts m I of support cannot be had 

3.) rnissed girders; f enough! 


(1.) Direct SuppoT^ft in a very simple form are illustmted by fig. 
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221, p. 486. Several rows of piles s«jt>ort a series of pairs of striking- 
plates. On the upper strikiiig-plalfcs rest the ribs, ea(ili of wliich 
consists of the following parts: — A ml gr horizontal beam^a sei-ics 
of vertical posts <lirectly ov(*r the piles, horiz()jital brakes or wafes, 
dmgmud braces betw(!eu the posts,, oblique struts near the upper 
ends of the j>osts, to support injcrinecliate points in tlje back- 
pieccs, and the bach-pieces. Besides giving stillness to the posts, the 
diagonal braces answer the pur]>ose of supporting a given part of 
the rib in case the jnic vertically below it should give way. 

Fig. 225 is a skeleton diagram of llarth v .n cfiitre for the Dee 
Bridge at Chester, in which the 
greater number of tlu* su])])orta 
consisted of struts, ra«Uating in a 
fan-like arrang<‘m<'nt fyom iron 
sockets or slioes on the tops of 
teiiijiorary stone picr.s, of which 
there were four in the total span 
of 200 feet. The struts were stif- 
fened by means of wales at <lis- 225. 

tiinces of fi oni 1 0 to 12 feet apart 

vertically. The duty of back-f)i(‘ces was don/1 by two thicknesses 
of inch planks. (See Trans. Tnst. Civ. /tJiq/s., vol. i.) 

(2.) Inclined Sti^utSj in paira, are exem[)lilied in fig. 226, wjjich is 
a skeleton diaginim of the centre of Waterloo nri<lge. Fach joint 
ill the back-piecc.s, such as A, I>, C, Ac., was independently sup- 
ported by a pair of •struts of its own, springing from the striking- 
plates at F and F'. At each j>oiiit where maiij^ of tlTOse struts 
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intersected each other, such as H, I, and T, they were conneoiod by 
abutting into one cast iron socket. At Aher points of intersection 
they were notched and bolted tog<jthor. They were further stif- 
fened by means of radiating pieces in pairs, whose positions are 
shown in the sketch. The strilcing- plates were longitudinal and 
inclined, and were supported on strute springing from the stepped 
■ I of the stone piers of the bridge. 
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(3.) Trussed Oirders, ;is a]>p1|^(i(l to centn*,s, are ilhistmted (in fig. 
227) by tli^ ceuho of J.ondoii ^JnVIge. TIkj sketch shows that for 
about opo-fourtli of the span \it each side the support was direct, 



being giv('n by vertical posts with diagonal bra(?('M b(‘tweeri them; 
while across tlie middle lailf of the span the rib formed a 
diagonally-braced gir<l<*r of great siillia'ss, ils. do])th being about 
oiu‘- fourth of ills sp.iu. The striking-])lali‘s were longitudinal 
and hori/oiiial. 

The ribs of a centre shuuhl be braced together transversely by 
horm)ntal and- diagonal braces. 

Ill framing cenl res it is desirable to use the ]>U‘ces of timber in 
such a manner that they may be afterwards applied to other 
purposes. 


(Adj)ENJ)L-m to Articlool74, ]>. 280, and Article 312, 
j»p. 400 to 453.) 

349 A. KcHiNinncc oi' Timber to ToA^ioii. — The following are the 
residfs of some recent experiments by M. lloiniiceau on the 
resistance of timher to twisting and wrenehing, extracted from 
a ])a]»er in the A 'll! talcs dcs Vovts et Chaussces'' iov 1861. The 
co-eliicieuts are modified so as to suit the formulae of M. de St. 
Venant for resistance to torsion, which are more correct than the 
ordinaiy formulae employed in the original paper. 
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Mt^uliis of Ku|flure 
Iv WrcMiching. 

f f 

LIh. oiPthe iSquiire 
Ini-h. • 


Modulus of Trans- 
verse Elasticity. 

C 

J^bs. on l^ic Stiuiue 
IULb. 


Red Pine of Prussia, * 2,064 

,, of N orway, *>273 

Elm! >.863 

Oak (of Nonnaiidy), 3 > ^ 5 ^ 

Ash, ^> 95 ^ 


116,300 
6 ijJfoo 

76,000 

82,400 

76,000 


For the h)i‘mulaj of dt* St. Venaul, ami iiivesti^jjation* 

fif?r his notes to a recent edition of Na\i(‘r’.s Traiic de la IiCiHf<ta'uce 
des Math'iavx. 

J'he following are the h^rniuhe applicaihle to square hars: — 

Ja't h be ilie breadth and thiekin*bs of tin; bar. 

M, the nionicnt of tonsion requirc'd to wi-eneh it asi^inha-; then 

M = -208 • (J.) 


Also, let I be the length of the bar. 

M', any luoinent of torsion. , 

the angle, stated in are to radius unity, through whitdi the 
bar is twisto<l by that moment; tlnm 

^--^1'^.. .m 

- -1405 0 A* 


Ai)i)K\m’M ro Aunei.K .‘>13, p. <1S0. 

A«« to tlie most r-conosniral angleh of inclination for ili.n^on.il br.icO', .^ee papi-ra 
by Mr. Bow in the Ctcll JCnt/inccr and ArchilecCs Journal for 1801 . 

Adoknou.m to Autu’i.k .‘JID, p. 'IDi) 

349 11. Sirikiii}; of C’<‘iilr<'M l».> ■uc'iiiim <»r .Nmnl. - 'I'liis process wis first 
invented by M. Baudemoulin, perfected by M. de Sa/.illy, and carried inf,r e/Ieet at 
the Bridge of Austcrlitz, in Pari", by M. Bouzi.it. • 

"J'lie lower striking-jilate con-si^ts of a limber jdatlnrm, on* liicl, staml a number 
of veitical plate-iron cylinders, of neailv I h>of in ili.nnetc^r, aiK! I foot in beight. 
The lower end of each cylinder lit.s on a circular wofideii disci ahosit 'J inth tliick. 
About 1^ inch above the base of uieli eyliiider are four rou^d hoh-s, of about J inch 
in diameter, stopped nffh cork**. Eacii cvlindcT is tilled about tuo-third^ or three- 
quarters full of clean dry sand ; and 141011 the sand rests the lower end of a cylindrical 
wooden plunger loosely fitting the cylinder, which plunger i", in faejt, the fow'W end 
of one of the upright post.s of the framework of iheilditre. Tlie joint hetween the 
plunger and the eWinder is stopped with plaster, to protec’t the sand from moisture. 
When the centre is to he struck, the coiks are taken out of the cylinders, and the 
sand, running out of the holes, allow .s (ho centre to sink slowly aiid stcaiiily. The 
Band, if n<*Cessarv, may be loosened with a look, to make it run freely; and it inus^ 
be cleared away from the holes as it runs out. 

{KxposUion IJniverseUe^ 1862.— Alices sur Urn UodcUa, Cartes, et Dessins relatijk 
oux Travaux Publics.') 



Big. 228 .— [The Crumlin Viaduct, from a Photograph.] 


CHArTKR V. 

OF METALLIC STltt’CTURES. 

Section I. — Of Iron and Steel, 

350. Sourcea nnd ClnNiies of Iron in Oencml. — WOuld be foreign 
to the siibject of the present treatise jto enter into details as to the 
oresi^rom which iron is obtained, and tlie processes of its manu- 
facture. A brief summi^-ry, therefore, of tliose matters will alone 
be given, referring for more full ihfoi-mation to such works as 
Percy On Iron ami Steel \ Lothian BelTs Principlea of the Manufac- 
ture of Iron and Steel ; Turner's Metalluryy of Iron; Ledebur (k 
Wedding’s Treatises; Pliillips & Bauernian’s Manual of Metal- 
I'tMgy ; The Journal of the Iron and Steel Institute, 

The Chemical eqinvalent of iron ie 66 times that of hydrogen 
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The followip^ are the moat com 
found in its ores : — 


f 


on condilions in which iron is 

0 


N’dtive Iron, being iron nearly pure, 
or combined with from one-four^-h 
to one hundredth part of its weight 
of nickel. This is very rar* and is 
found in detached masses, which 
are known, or suijptjsed, to have 
fallen from the heavens, 


By 

Atoms. 


By We^ht 


Fercentagou 
* of Iron. 


So to lOO 


II. Ferroms Oxide or Black/ Iron I 56! ,-».o 

Oxide of Iron, t Oxygen, I 16 / ' ‘‘ 

Ferrous Oxide is only found in combination with other substances. 


III. 


Ferric Oxide or • Bed 
Oxide of Iron, 


IV. Magnetic Oxide of Iron, 


V. 


Ferric Hydrate = 
Ferric Oxide, 2 atoms. 
Water, 3 atoms, 


{ 

{ 


VI. Carbonate of Iron = 

Ferrous Oxide, 1 atom, 

Carbonic Anhydride, 1 
atom, 


Iron, 

Oxygen,.... 

...2 

•3 

'SI'*" 

70 

Iron, 

Oxygen .... 

4 

168 

6j^32 

7*4 

Iron, 

...4 

...224 I 

■ ■■144} 374 


Oxygen,.... 

Oxygen,.... 

::a 

60 

Hydrogen, . 

...6 

... 


Iron, 

..I 

... 561 

... 48 V 1 16 


Oxygen, .... 
Oxygen, .... 


48-3 

Carbon, 

.. I 

..TI2; • 



Iron is found combined with sulphur, forming what is called 
Iron Pyrites ; but that iiTineral is not available for the mut(u- 
facture of iron ; and it forms a pernicious ingredient in ores, or 
in the fuel used to smelt them, because of the weakening idfect of 
sulphur upon iron. The same is the ease wi^i Phosyhale of Iron, 
The most abundant foreign ingredients' fouiid mixed with 
compounds of iron in its ores are siliceous sand and silicate of 
aluminium, or clay; next in alfindance are* the carbonates of 
calcium and iRagnesium. Amongst other foreign ingredients, 
which, though not abundant, have an influence on the* quality of 
the iron j)roduced, are carbon, manganese, arsenic, titauiani, ikc.. 
Of these manganese and carbon alone afe beneficial; for manganese 
gives increased strength to steel, and carbon assists in reducing 
the ore ; all the rest are hurtful. 

Tlie most common Ores of Iron are the following: — 

I. Magnetic Iron Ore, consisting of magnetic oxide of iron, pure, 
or almost pure, and containing 72 per cent, of iron, is found chiefly 
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in veins tra versing the primary srata, and amongst platonic rocks, 
and is the sohrce of some of th/ finest qualities of iron, such as 
those of S<w(*d(!n and the N(vth-*Eastcrn United States. 

IT. Red Iron Ore as ferric oxide, pure or mixed. When pure 
and crystalline, it is called Specular Iron Ore, or Irorirglance ; 
when pniT', or nearly so, and in kidney-shaped masses, showing a 
fibrous structure, it is called Red ilcematite ; when mixed with less 
or more clay and sand, it is called Red Ironstone and Red Ochre. 
It is Ibund in various geological formations and is purest in the 
oldest. The purer kinds, iron-glance and haeniacite, produce 
excellent iron; for example, that of Nova Scotia. 

IJI. Brown Iron Ore is ferric hydrate, pure or mixed. When 
conjpact and nearly pure, it is called Brown Ihematite; when 
earthy and mixed with mueh clay, Yellgw Ochre. It is found 
amongst various strata, especially those of later formations. 

IV. CarhoT^ate of Iron, when pure and crystalline, is called 
Sparry oi* Spatlyose Iron Ore; when mixed with clay and sand. Clay 
Ironstone; when clay iionstonc is coloiu’cd black by carbonaceous 
n.iatter, it is calhid Black-hand Ironstone. These ores ai'c found 
amongst various laimary and secondary stratified rocks, and 
esj)ecially amongst those of the coal foi*mation. 

I’he jji’opo]*tioii of earthy matter in the ordinaYy ores containing 
carbonate of iron ranges from 1 0 to 40 2>er C(mt. 

Th(» iron of Britain is manufactured ]>artly from haematite, but 
chiefly from clay ironstone and black- band. 

The extraction of iron from its ores consists o+‘ a combination of 
procc'ssos, which inay bo described in gcnoi*al t(U*ms as follows : — If 
the iron is in tlie state of carbonate, the car})onic acid is expelled 
by the agency of beat, hviving oxide of iron; the earthy constituents 
of the ore art; removed by irit'ans of the chemical affinity of other 
earths (t'spccially lime), forming a glassy refuse called Slag; the 
oxygen is taken away fi-om the iron by means of the chemical 
affinity of- carbon; aral in tjertaiii processes, carbon, combined with 
the iron, is taken away by nieaiis of the chemical affinity of oxygen. 
There are also jirocesscs whose object is o combine the iron with 
oertfiiii ])roportions of carbon. The substances omidoyed in the 
extracthm of iron from its ore may be thus classed, — tlie ore itself ; 
th&fuel, which produces heat by its cOinbustion, and supplies car- 
• bon ; tin; air, which supplies oxygen for the combustion of the fuel ; 
the flux (generally lime), wTiich promotes the fusion of the ore, and ‘ 
combines with its earthy constituents. 

Formerly the gases produced by the action in the blast furnace 
were burned at the top and thus were allowed to go to waste, 
now the furnaces are closed at the top and the waste gases 
utilised for heating the blast and raising steam, and are also 
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treated cheiu-^ally whei*eby many ^lye products are obtained, such 
as ammonia, taiv i ^ ^ 

The furnaces vary in height, some# being about^60»feet high 
and 20 feet wide. The pressure of the blast about 5 lbs. to 
the square inch, and the tempera* ure of the blast about 1,200° F. 

The metallic products of the ir(^i manufacture are of thfee kinds ; 
malleahle or vyvomjht iron, being pure or nearly pm^j iron ; cast iron 
and sted^ being certain compounds of iron with carbon.* 

351. luipiiritie* of Iron.— The stiHuigtli and other good qualities 
of these products dtqieiid mainly on the ab}<cnc: of im'puHtieSy and 
especially of ccrtiiin. substances which are known to cause brittle- 
ness and weakness, of which the most imj)ortaut are, sulphur, 
phos])horua, silicon, calcium, and magnesium. f 

Sulphur and (accordhig to Mushot) calcium, and' probably also 
magnesium, make iron red short;'' tliat is, brittle at high temper- 
atures; phosphorus and (according to Mushet) silicon make it 
“ cold short;" that is, brittle at low temperatures. .These are both 
serious defects; but the latter is the worse, 

Sulpimr comes in general from coal or coke used as fuel. lt<s 
pernicious effects can be avoided altogethei^ by using fuel which 
contains no sulphur ; and hence the strongest and toughest of all 
iron is that which is uudted, reduced, and puddled either with 
charcoal, or with coal or coke that is free from sul])hur. As to the 
artificial removal of'sul])hur, see the preceding Article. 

Phosphorm otJines in most cases from phosphate of iron in the 
ore, or from ph(»spliate of lime in the ore, tlie^ fuel, or the flux. 
The ores which contain most ])hos])horus are those found in 
strata where animal remains abound, such as those of the oolitic 
formation. • « 

Calcium and Silicon ai-e derived respectively fi’om the decom- 
j»osition of lime and of silica by the chemical affinity of carbon for 
their oxygen. Tho only iron which is entirely free from these 
impurities is that whicli is made by the reduction of ores that con- 
tain neither silica, nor lime, such as pui-e magnetic ii*on ore, pure 
haunatite, or pure sparry iron ore. ^ , 

If either of tl^ose earths be present in the %re, the other must be 
added as a flux, to form a slag with it; and a small, portion of 
each of them will be deoxidated, the bases uniting with the iron. 
This is a defect of earthy ores for which no remedy is yet ktiown. • 

* According to some views recently set forth, nitrogen is one of the essential con- 
itituents of steel; but this wants confiriUhtion. 

t For a full discussion of the influence of impurities oir iron, see Introduction t0 the 
Study of Metallurgy y by Professor Roberts-Austen. 
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The statements made relativl to calcium are appycable also to 
magnesium.' f 

The efS^ct,or aluniiniuiip upon iron is not known with cer- 
tainty. ’ * 

^$52. €'ai»t Iron Is the produc4 of the process of smelting iron 
ores. In' that proeess the ore i% fragments, mixed with fuel and 
with tliix, is subjected to an intense heat in a blast-furnace, and 
th(* products are slag^ or glassy matter formed by the combination 
of tlie flux with tlic earthy ingredients of tlie '»re, and pig iro7i, 
whicli is a compound of iron and carbon, either unmixeil, or mixed 
witli a small quantity of uncoinbinccl carbon in the state of 
plumbago. 

The ore is often roasted or calcined before being smelted, in 
order to ex])el carbonic acid itnd water. 

The ])r()portions of ore, fuel, and flux are iixed by trial; and the 
success of the«o])(!ratioii of smelting depends much on those propor- 
tions. The (lu« is generally limestone, from whicli the carbonic 
acid is expelled by the heat of the furnace; while the lime 
combines with the silica and alumina of the ore. If the ore 
contains carbonate o^ lime, less lime is required as a flux. Jf 
either lime or sili<;a is present in excess, part of the earth which is 
ill excess forms a glassy compound with oxide of iron, which runs 
off amongst the slag, so that part of the iron is wasted; and 
an(>tlier jiart of that earth becomes reduced, its base combining 
with tin; iron and making it brittle, as has been stated in the 
pr<'C(*ding ly-ticle so that in order to produce ao once the greatest 
quantity and best quality of iron from the ore, the earthy in- 
gredients of the entire charge of the furnace must be in certain 
(ititfnite projiortions, which are discovered for each kind of ore by 
careful cxp(*riment. 

The total quantity of carbon in pig iron ranges from 2 to 5 pei 
cent, of its Aveight, 

Diflercnt kinds of ]dg iron are j;i*oduced from the same ore in the 
same furnace undci* didereut circumstances as to temperature and 
quantity of fuel. A high tem|)crature and a large quantity of fuel 
jiroducii grey cast iro i, which is further distinguislied into No. 1, 
No. 2, No. and so on; No. 1 being tLat produced at the highest 
tem[)orature. A low temperature and a deticiency of fuel produce 
\chite cast iron. Grey cas^. iron is of different shades of bluiah- 
grt;y in colour, gi-anular in texture, softer and more easily fusible 
than white cast irou. White cast iron is silvery white, either 
granular or ciystalline, comparatively diflicult to melt, brittle, and 
t*xct‘ssively hard. 

' It appears that the dilferenccs between those kinds of iron 
depend not so much on the total quant* ties of carbon wliich they 
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contain as oi. tlie pi-oportions of tlHt carbon which arc respectively 
in the conditions of mechanical mixture and of chemical combi- 
iiiitioii with the iron. Thus, grey caat*irou contains ^?i6ij>cr cent., 
and sometimes leas, of carbon in chemical ^‘onibination with the 
iron, and from one to three or Jam pe?- cent, of carbon in the state 
of plumbago in meclianical mix^ire; while white cast •iron is a 
homogeneous chemical compound of iron with from 2 to 4 per cent, 
of carbon. Of the diffident kinds of grey cast iron, No. 1 con- 
tains the greatest jao[u)rtion of jdumbago, No. 2 the next, and 
so on. 

There are two kjnds of white cast iron, the (jraniifar and the 
crysiidline. The granular kind can b(» converted into grey 
cast iron by fusion and slow cooling; and gr(‘y cast iron 
can be <!onverted into ^jinnlar whifo cast iron by fusion and 
sudden cooling. This takes plac(^ most readily in the best iron, 
(hystalline white cast iron is harder and more •brittle than 
^annlar, and is not capable of conversion into gwiy cast iron by 
fusion and slow cooling. It is said to contain more carbon than 
granular white cast iron ; but tlm exact dillerence in their chemical 
composition is not yot known. , 

(rroy cast iron. No. I, is the most easily fusible, and ))ruduccs 
the finest and most accuratt* castings; but it is deficient i)) hard- 
ness and strengtli ; and, therefore, although it is the best for 
castings of moderate size, in which accuracy is of more iin])ortanee 
than strength, k is inferior to the liarder and stronger kinds, No. 

2 and No. 3, Ibr laTgc structures. , ^ 

353. Hir^iitfih of Ciimt Iron. — Something has been ali’(*ady stated 
as to the com]wirati\o strength of ditlemit kinds of cast irfui. It 
may be laid down as a general principle, that the presence«f)f 
plumbago renders iron comparatively w'eak and pliable, .so that the 
order of strength among din’erent kind.s of cast iron fj om the same 
ore and fuel is as fol]o>Ns: — 

• 

Granular wdiite cast iroii. 

Grc'v ea.st iron, No. 3. 

„ • No. 2. ^ 

No. 1. 

Ciystalline white cast iron is not iiitrodiic<Ml into this ^lHs.sifi- 
cation, becaii.se its extreme brittlenessi makes it unfit for use in* 
engineering structures. 

Granular white ea.st iron aLso, although stronger and har<ler 
than ‘grey cast iron, is too brittle to be a safe material for the 
entire mass of any girder, or other large pi(*ce of a structure; but 
it is used to form a hard and ini])enetrable skin to a jaece of grey 
cast iion by the process called chilling. Tljis coii.'si.sts in liiyng the 
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portion of tlie mould where a Jiardened surface is /V.vjiiired with 
suital)ly shaped pieces of iron, the melted metal, on being run in, is 
cooled a;ftl solidified suddebly where it touches the cold iron j and 
for a ccrtiiin dej)tli from the chilled surface, varying from about 
Jth to iiicli in different kinds bf iron, it takes the white granular 
conditiont while the remainder fcf the casting takes the grey con- 
dition. '* 

Kven in castings which are not chilled by an iron lining to the 
mould, the outermost layer, being cooled more rapidly than the 
interior, approacluis more nearly to the white condition, and forms 
a akin hartler and stronger than the rest of the casting. 

I'Jui best kinds of cast iron for large structures are No. 2 and 
No. .‘1; b(‘cause, being stronger than No. 1, and softer and moro 
ilexibhi than wliib' cast iron, tiny combine strengfcli and pliability 
in the manner which is best suited for safely bearing loads that 
are in m<»tioil. 

As to the, echiipurative strength of irons melted by the cold blast 
and by the lioi blast, it appears from the exp(M*iments of both 
Fairbairn and FTodgkinson, tluit with fclui same kind of ore and 
fuel, No. 1 cold blast >8 in geuenil superior to No. 1 hot blast iron ; 
No. 2 hot and cold bljist are about equally gootl; No. 3 hot blast is 
in general snperioi- to No. 3 cold blast; ami the average quality 
of the iron on the wliole is nearly the same with the hot as with 
the cold blast. 

A strong kind of cast iron called totiyhened C'lst iron, is ])rO' 
ducod by the process, inventc'd by Mr. Morries Stirling, of adding 
to the cast iron, and melting amongst it, from one-fourth to one- 
aeventii of its weight of wrought iion scrap. 

uThe manner in which the strength of cast iron depends on the 
absence of impuriti<'s from the ore and fu(‘l has already been 
mentioned in Article 3ol, p. 41)7. 

Va.rions niixtinv's of different tpialitics of iron have been recom- 
mended by different cngiiieci's as materials for large castings. (On 
this point see the Report on the Aiwlicntion of Iron to Railway 
Structures^ p. 2G-'5.) For example, Fairbairn recommended the 
following combinaticAi : — 

Lowmoor, No. 3, 30 ])er cent. 

" Blaina, or Yorkship, No. 2, 2 ^, „ 

Shropshire, or I>erl»y.shire, No. 3, 25 ,, 

Good old malleable scrap, 20 „ 

. 100 „ . 

Sir Oharles Fox recommended a combination of two-thirda 
Welsh cold blast iron, and one-third ^.Scotch hot blast iron, the 
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latter being manufactured from equal proportions of black-band 
and hajmatite ores. But both the;:.e and other engiin^rs agreed in 
consideiing that the best course for an»engineer to take i^i order to 
obtain iron of a certain strength for a proposed structure was, not 
to specify to the founder any pariicidar mixture, but to specify a 
certain minimum strength wliicl^the iron should exert w«cn tested 
by exj)erimont. • 

The strength of cast iron to resist cross breaking was found 
by Fairbairn to be iricieased by repeated m*'Hing8 up to the 
twelfth^ wlien it was greater than at the first iu the ratio of 7 to 5 
nearly. After the twelfth melting that sort of strength ra[)idly 
fell off. 

The resistance to crushing went on increasing after each success 
sive melting ; and after* the eighteenth melting it was double of its 
original amount, the iron becoming silvery white and intensely 
hard. • 

The transverse strength of !No. 3 cast iron wafi also found by 
Fairbairn not to be diminished by rixising its temperature to 600® 
Fahr. (being about the temperature of melting lead). At a red 
heat its strength fell to two-thirds. 

The strength of cast iron of every kind ls marked by two pro- 
perties; the smallness of the t(uiacity as eoinpared with tbci resist- 
ance to crushing, and the dillcrent values of the modulus of 
rupture of the same kind of iron in bars torn directly asunder, and 
in beams of di^erent forms when broken across. These cii’cum- 
stanccs have alrofidy been referred to in Article 157, p. 235, 
Article 164, pp. 256 to 258, and Article iCO, j). *261. The 
variations in tlie modulus of rupture for b(‘ams of different Hgures 
arise in all jjrobability frym the greater timacity of the skiu^as 
com])ared with the interior of the CJisting; for an exporim( 3 nt on a 
bar torn directly asunder shows tin* least t(maeity of its internal 
particles; while experiments on beams broken across show the 
tenacity of some layer wliich is iu*arer to oi;4‘urth(U’ from the skin 
according to the form of cross-sect ion. 

Intense cold makes cast iron britth*; and sudden clianges of 
temperature sometimes cause largo* pieces of jjb to split. 

The proof strength of cast iron has been shown to be about 
one-third of the breaking lodd, by experiments already inciitioned in 
the note to p. 221. The usual facic^' of safety for the tcorkin;^ 
load on railway structures of cast iron is six. (»Seo Article 143, 
p. 222.) 

In. addition to the data in fju; tables at the end of the volume, 
the following table gives results as to tlie strengtli of oast iron, 
extracted and condensed from the experiments by the same 
authorities. All the coe^cients .are in lbs. on the square-inch. 
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Vilnfls of Iron. 


• — {i?- 

/fromj 

Ito 

Jfrom! 

Uo ^ 

J from! 

(to 

J from I 

Ato 

No. 4. Siuellfd by o<»ko without sulphur, 

Towf^heiied cas^^iron, '(to''''j 

No. .‘1. IJot blastcifter first nicltiiif;, 

„ „ „ twolfllimcltiru',... 

ft It n oiiihlooiith „ ... 

(Mallimbfo Cast Iiuil — .S oo p. .'>S7.) 


No. 1. Cold hliist, .. 

f 

No. 1. Hot bloat, y. 
No. 2. Cold blast, .. 
No. 2. Hot blast, ... 
No. 3. Cold blast, ... 
No. 3. Hot bhist, ... 


Direct 

Tenacity. 


12,694 

17,466 

I3>434 

16,125 

iml 

13.505 

17.807 

14,200 

15.508 

15.278 

23,468 

23.461 

25.764 


Resistance 
to Diiect 
Cnisliing. 


56.455 

80,561 

Z2’'93 

88,741 

68,532 

102,408 

82,734 

102,030 

76,9<?o 

115,400 

101,831 

104,881 

129,876 I 

119,457 ! 

98,560 ! 

163.744 

197,120 


' Modulus 
o. 

Ruptnie 
of Square 
Bars. 


36.693 

39.77« 

29,889 

3S.3»6 

33.453 

39609 

28,917 

38,394 

35.881 

47,061 

35.640 

43.497 

41.715 


39.690 

56,060 

25.350 


Modalus 

of 

Elasticity. 


14,000,000 

15.380.000 
ii.'539.o5o 

15.510.000 

12.586.000 

17.036.000 

12.259.0001 

16.301.000 
14,281,000’ 

22.908.000 

15.852.000 

22.733.000 


It is to b(‘ iinfltTstoVu] that tlio nnnih<*rs in otu' line of the pre- 
ceding table do not nece8.sariJy belong to the name sjjficimen of iron, 
each number being an extreme n‘.snlt for tbo kind of iron specified 
in ilie first column. 

The moduJvs of rvpture of cast iron by wrenching , according to an 
average of several exjieriments, is „ 

27,700 lbs. on the inch. 


^f this 1 »e d(*i iott‘d 1 ^yf\ the im'euchl ng nyjnients of ciist i ron shafts are 


for round bars of the diametev //, lOO /*' 1 . . 

for square bars of tin* diinensious h X //, ’20Sf h'^ | 

A* — AJ 

for hollow cylinder^ ; dia meter, outside, // , , i nside, Ziq, • 1 9 Cy*' ■ * ' 

(See also p. fiOo.) 


354. CnNtinKN lor WorkH of EiisinrrriiiK. — The quality of the iron 
suitable, for such castings lias ali*eady b^eii discni.ssed. 
o As t«- ajipearance, it sliouhl show on the outer surface a smooth, 
clear, and continuous skin, with regular faces and sharp angles. 
When broken, tin? surface of fraetui*c should be of a light bluish-grey 
colour and clt^st'-grained texture, considenible metallic Iqstre; 
both eolour and texture should be uniform, except tliat near the 
skin the colour may he somewhat lighter and the grain closer; if 
the frav^tured surface is mottled^ cither with patches of darker or 
lighter iron, or with crystalline patches, the casting will be unsafe; 
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and it will be still more unsafe if it contains air-bubbles. The iron 
should be soft enough to be slightly indented by a blow df a hammer 
on an edge of the casting. • * » 

Castings ai’e tested for air-bubbles by ranging them* with a 
hammer all over the sui-face. • 

Cast iron, like many other substances, when at or Hear the 
tempemtiire of fusion, is a little more bulky for tlio»sarae weight in 
the solid than in the liquid state, as is shown by the solid iron 
floating on the melted iron. This causes the iion as it solidifies 
to fill all parts of the mould comjdetely, ami t v.» take a sharp and 
accurate figure. ^ 

The solid iron contracts in cooling from tlu* melting point down 
to the temj)erature of the atmosphere, by o'lyth part in each of its 
linear dimensions, or one-%ighth of an inch in a foot; and therefore 
patterns for castings are made larger in that proportion than the 
inten<led pieces of cast iron which they represent. ? 

In designing patterns for castings, care must be taken to avoid 
all abrupt variations in the thickness of metal, lest parts of the 
casting near each other should be caused to cool and contract with 
unequal rapidity, and so to split asunder or o\vrstrain the iron. 

Iron becomes more compact and sound by l)(*ing cast under 
pressure; and lumce cast iron cannon, j>ipes, cohnnns, and the 
like, arc stronger when cast in a vtirtical than in a horizontal 
position, and sti-oiigcr still when ])rovided with a head^ or ad- 
4litional column of iron, whose w(‘ight serves to eoinpr<'ss the mass 
of iron in the inouhf bt'low it. ^'he air bubbles ascend ;v;id collect 
in the head, which is bj okeii off wlien the casting is cool. 

Care should be taken not to cut or remove the skin of a piece 
of cast iron at those points Wiere the stress is intense. 

Cast iron expands in linear dimensions by about l-900th, or 
•00111, in rising from tlie freezing to the boiling point fd’ water; 
being at the rate of '00000017 for each degree of Fahrenheit’s scale, 
or about *0004 for the range of temperature wbicli is usual in the 
British climate. Every structure conbiiniug east iron must be so de- 
signed that the greatest (‘Xpan.sion ai^l conti action,of the castings by 
change of teiiipergtuve .shall not injure the structure. (See p. 804.) 

355. Wrought or iVInlIrnMo Iron ill its Jiei'fect COlidition is 
simply pure iron. It falls shoj*t of that perfect conditio!>^ to a 
greater or les.s extent owing to the prosenco of iin])urities, of 
which the most common and injurious have been mentioned, and 
their effects stated, in Article 351, ]>. 497 ; and its strength is in 
gejieral* gi-eater or loss according to the greater or less purity of the 
ore and fuel employed in its manufacture. 

Malleable iron may be made either by direct reduction of the ore, 
or by the abstraction of the carbon and various impurities^ trom 




cast iron. Tlio process of direct reduction is applicable to rich and 
pure ores ' nJy ; and it leaves a slag or “ cindci*” which contains a 
large p^A)pfW‘tioii of oxide* of iron, and yields pig iron by smelting. 
The most econoinicfil and generally applicable process is that of 
removing the foreign constititents from pig iron; and for that 
purpos(i' white pig iron (called# “forge pig”) is usually employed, 
j)artly because it retains less carbon on the whole than grey pig iron, 
and partly because it is unfit for making castings. The details of the 
process are very much varied; but the most important principle of 
its opeiation always is to bring the i)ig iron in a melted state into 
close contact with a quantity of air sufficiiv.it to oxidate ail the 
cfnhon and silicon. The carbon escapes in carbonic oxide or 
carbonic acid gas; the silica produced by the oxidation of the 
Bilic(jn combines partly with protoxide *of iron and partly with 
lime (which is soiiietimos introduced as a flux for it), and forms 
slag or “crtider.” Chloride of sodium (common salt) is used to 
remove sulplAir and ])liosphorus. In one form of the process this 
is accomplished by injecting jets of steam amongst the molten 
iron ; tluj oxygen of the .steam assists in oxidating the carbon 
and silicon, and the liydrogeii combines with the sulphur and 
pliospliorns. The surest method, howtwer, of obtaining iron frecj 
iroin the weakening (dlects of su1j)1jiii* and ]>hosj>horus is to employ 
ores and fnel that do not contain those constituents. 

The most common foi m of the process of making malleable iron 
is puddling^ in which the pig iron is melted m a reverberatory 
furnace, iwul is brought into close contact wiCli the air by stirring 
it with a rake or “ rabble.’’ Some iron makers precede the process 
of puddling by that of “refining,” in which the pig iron, in a 
Aeltcd state, has a blast of air blown over its surface. This removes 
j)art of the carbon, and leaves a white crystalline compound of iron 
and carbon called “ refiiu*rs’ metal.” Others omit the refining, and 
at once puddle the j)ig iron; this is culled boiling'' The 

removal t>f the carlxm is indicated by the thickening of the mass of 
iron, malleable iron requiring a higher tcnipcratuni for its fusion 
th.an east iron. .It is foi-mei? into a luirij) calhul a “loup” or 
“bloom,” taken out^f the furnace, and jdaced unrler atilt hammer 
or in a suitable scpieezing inacliine, t^) be shingled;" that is, to 
have , the cinder forced out, and the jjarticles of iron welded 
together by blows or press* ire. 

The bloom is then pas.sod between rollers, and rolled into a 
bar; the bar ia cut intf^ short lengi^hs, which are fagotted together, 
reheated, and rolled again into one bar; and this process is repeated 
till the iron lias become a\ifficiently compact and has acquired a 
fibrous stiaicturo. 

Ill ^tbe Bessemer process, the molten ])ig iron, having been run 
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into a suitabl8 vessel^ has jets of air blown through it a blowing 
machine. The oxygen of the air combines with the silicon and 
carbon of the pig iron, and in so doing "produces enough of heat to 
keep the iron in a melted state till it is brought to the malleable 
condition; it is then run into lai%e ingots, which are hammered 
and rolled in the usual way. Tlifl process has been most success- 
ful when applied to pig iron that is free fi*oni siflpliur and phos- 
phoiiis, such as that of Sweden and Nova Sr^otia, 

Strength and toughness in bar iron are iialir ntnl by a fine, close, 
and uniform fibrous structure, free from all a])|)uamnce of crystal- 
liKition, with a cleai% bluish -grey colour and silky lustre on a torn 
surface where the fibres are shown. 

P/ate iron of the best kind consist.^ of alternate layei*s of fibres 
crossing each other, and ought to be nearly of the same tenacity in 
all directions. 

Malleable iron is distinguished by the propei*ty of weldimj : two 
pieces, if raised nearly to a white heat and luesseif or hammered 
firmly together, adhering so as to form one piece. In all operations 
of rolling or forging iron of which welding forms a i)art, it is 
essential that the surfaces to be w(3ldcd slmuld be brought into 
close contact, and should b(‘ p(!rfcctly clean and frtjo Ironi oxide of 
iron, cinder, and all foi’eign matter. 

In all cases in which st'vornl bais are to be fagotted or rolhal 
into one attention should b(5 pai<l to the man mu* in which they are 
piled'' or buill togelhcr, so that tin* ])r(‘ssur(‘ exerted by the 
hammer or the rolleixs may be transmitted throug^i the \rholc mass. 
If this be neglected, the finished bar or otlun* pieces may show flaws 
marking the divibions hetweeii tlie bars of the pile (as is often 
exemplified in rails). ' 

Wrought iron, although it is at first rnad(3 more compact arnl 
strong by reheating and hammering, or other wis(^ working it, soon 
reaches a state of maximum strength, after wlijcli all ndmating and 
working rapidly makes it Aveaker (as will afferwjj-ds be shown by 
examples). Good bar iron has in general attained its maximum 
strength; and thertjforc, in all operations of forging it, whether on 
a great or smaW scale, by the steani-hamnrer or by that in tlie 
liand of the blacksmith, the desired .size and iigure oflght to he 
given witli the least ]>ossil)le amount i>f relu'ating and worki^ig. 

It is still a matter of disjmte to Avhat extent and nmler what 
circumstances wrought iron loses its fibrous structure and tough- 
ness, and becomes crystalline and brittle. By some aiithoiities it 
is assei*tod that all shocks and vibrations tend to produce that 
change ; others maintain that only shar^ shocks and vihnitions do 
80 ; and others, that no such change takes place; but that the same 
piece of iron which shows ti fibrous fractura, if* gradually broken by 
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a steady load, will show a crystalline fracture, if suddenly broken 
by a shai*p blow. Tha author of this work at one time made a 
collccticAi of several jouniAls of railway carriage axles, which, after 
lunning for two or* three years, had broken spontaneously by the 
gradual cre(‘|)ing inwards of an invisible crock at tlie shoulder. The 
fractur(i*of eveiy ont^ of those wfts wholly or almost wholly fibi-oiis; 
while otijer aStles from the same works, when broken by the 
harnnier, show(‘d some a fibrous and othero a crystalline fracture.* 
Jt is c(‘rL‘iin, at all events, that iron ought to be as liilh* as possible 
exposed to shai-p blows and rattling vibrations. 

It is of gr(iat importance to the strength pf all pieces of foiged 
iron that i\\^ continuity ttf the fibres near the surface should be as 
little intcrnn)t«i<l as possible; in other words, that the fibres near 
the surface slioidd lie in layers ])arall*el to the surface. This 
principh; is illustrated by the results of some experiments made by 
the author this work on the fracture of axles. Two cylindrical 
wrought iron* railway carriage axles, one rolled, the other fagotted 
with the lianniK*!’, of four inches in diameter, were tiiken ; a pair 
of journals of two inehi^s in diameter wore fVn'ined on the ends of 
eM(*h axh‘, one jouKual b(*ing i-educed to the smaller diameter 
entirely by (urning, so that the fibnis at the shoulder did not follow 
the suri)i(u‘, and the cdlau' as far as possible by forging with the 
hammer, oidy one-sixteenth of an inch being turned off in the 
lathe to make it smooth, so that the fibres at the shoulder followed 
the surface almost exactly. All the journals wei^ then broken off 
by blows with a •!() lb. hammer; when those ^^^lOse diameters had 
been rtulueed by turning broke off with the first blow; and of 
those which had been drau n <lown by forging, that of tlie rolled 
a^le broke olf with the jyih IdoAv, thalf of the hammered axle with 
the elfjhih. {Proceedings of the Inst, (f Civil P ngineers, I84.‘l.) 

Another importiiiit ])rinci])le in designing pieeiis of forged iron 
w hich arci to sustain shocks and vibrations, is to avoid as much 
Hs possible ubj*iipt variations of diraenoions and angular figures, 
especifdly those with re-entering angles; for at the ])oints where 
such abrupt variations and faigles occur fractui’es are a])t to 
commence. If two*^parts of a shaft, for exam) Ac, or of a beam 
exf)osed to. shocks and vibrations, are V) be of different thicknesses, 
they i>jiould be connected by means of curved surfaces, so that the 
jliauge of thickness may •take place gradually, and without re- 
entering angles. 

3o6. filled niici Nieel) Iron. — Steel, the hardest of the metals and 
the strongest of known .substances, is a compound of iron witli from 


* Full sizfd dru willies of the fractured surfaces several of these axles are ia 
of the 1 institution qkOivii Kiigiiioers. 


the 
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0 

0*5 to 1’5 j)er c%iit. of its weight of ciirbon. 'I’iiese, according to 
most autliorities, are the only essential constituents of stael. (See 
Article 350, p. 497.) , 

The term “ steely iron,” or “ semi-steel,” may be appli*ed to com- 
pounds of iron with le.ss tha^i 0*5 pe^ cent, of carbon. They are 
intermediate in hardness and other ])roperties between stt^el and 
malleable iron. 

In general, such compounds are tlie harder and the* stronger, and 
also the more easily fusible, tlie more carbon thev contain ; those 
kinds which contain less carbon, though weaken- are more easily 
welded and forged, and from their greater pliability are the fitter 
for structures tljat are Exposed to sliocks. 

liri])urities of ditferent kinds affect st»‘(‘l injuriously in the same 
way with iron. (See ArticU* 351, p. 497.) 

There an* certain foreign substances which have a beneficial effect 
on steel. One :i,000tli jiart of its weight of silicon causes steel to 
cool and solidify without bubbling or agitation ; but a larger pro- 
portion is not to be used, as it would make tlie steel brittle. The 
presence of manganese in the iron, or its introduction into the 
crucible or vessel in which steel is made, imjiroves the steel by 
increasing its tougliness and making it easi(‘r to weld and forge ; 
but wdujther the manganese n'lnains in combination with the ii*oii 
and carbon in the steel, or whether it ])roduccs its effects by its 
temporary ])reseii(!e only, is not known witli certainty. 

Steel is distinguished by the jiroperty of temparhuj ; that is to 
say, it can be hardened by sudden cooling from a high temperature, 
and softened by gradual cooling; and its degree of fianlni'.ss or soft- 
ness can be regulated with precision by suitably fixing tliat tempor- 
ature. "Ilie ordinary jiracticv is, to bring all articles of steid to ^ 
high degi-ee of hardness by sudden cooling, and then to soften them 
more or less by raising them to a temperature which is the liiglier 
the softer the articles arc to be made, and ng tlieni cool very 
gradually. The elevation of tein]ierritiire jn-civious tf» the “anneal- 
ing” or gradual cooling is produced by jiluiigiiig tin- articles intu a 
bath of a fusible metallic alloy. The tenijKuature of the bath 
ranges from 430"' tf) 590® Fahr. ’ 

It is sup]jos(!d tfiat liard steel is analogous to granular wliite cast 
iron, being a homogeneous chemical compound of iron and' carbon ; 
that soft steel is analogr)\is to grey cast iron, and is a mixture of a 
carburet of iron containing less carbon than hard steel with 
another carburet containing more carbon; and tliat slow coaling 
favours Jbhe sej)aiation of those two carburets. 

Steel is made by various processes, which liave of late becom^ 
very numerous. 'J'hey may all be classeij under two heads, viz., 
adding carbon to inalleable.iron, and abstracting carbon from cast 
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iron. The former elii^s of processes, though the ijnore complex, 
laborious, xand expensive, is prefen-ed for making steel for cutting 
tools apd othf‘r line purposes, because of its being easier to obtain 
inallesbh; iVon tlian^cast iron in a high state of purity. The latter 
class of ])rocesses is the best adapted for making great masses of 
steel lyid stc(;ly iron rapidly and at moderate expense. The 
following are^some of the processes employed in making different 
kinds of steel : — 

J. Blister Steel is made by a )>rocess called ^^cementation,'' which 
consists in imbedding bars of the purest wrought iron (such as that 
manufactured by charcoal from magnetic iron ore) in a layer of 
charcoal, and subjecting them for several dkys to a high temper- 
ature. Each bar absorbs carbon, and its surface becomes converted 
into stecil, while the inteniwr is in a com^ition intermediate between 
steel and ii*on. Cementation may also be performed by exposing 
the surface^of tlui iron to a cun‘<uit of carburetted hydrogen gas at 
a high t(‘.mj)f‘ratnre. Cennmtation is sonujtimes appli(‘d to the 
surfaces of articles of malleable iron in order to give them a skin 
or coating oi* stetd, and is called case-lutrdeninf/." 

II. Shear Sted is made by breaking bai*s of blister steel into 
lengths, making thdln into bundh's or fagots, and rolling them out 
at a welding lu'at, and repeating Ihe pi*uccsa until a near approach 
to uniformity of composition and texture has been obtained. It is 
used for various tools and cutting im]>leincnts. 

III. CcLst Steel is made by melting bars of^ blister steel in a 
crucible, ah jug witli a small additional quantity of carbon (usually 
in the f(tim ofcoal tar) and some manganese. It is the purest, 
most uniform, and strongest st(jel, and is used for the finest cutting 

rocess for making cast st.eel, but one requiring a higher 
temperature than tin* preceding, is to melt bai*s of the purest 
malleable iron with manganese and with the whole quantity of 
carbon required in order to form steel. The quality of the steel 
as to hai’dness is leguhited by the pro])ortioii of earbon. A sort of 
semi-steel, or steely iron, made by this p oeess, and containing a 
small proportion* of carbon oiAy, is known as honiogemous vnelaL 

IV. Sted made ty the air blad is produced froln molten pig iron 
by the ‘Bessemer process (Article <355, p. 504) in two ways ; 
either the blowing of jets of air through the iron is stopped at 
an instant determined l?y experience, when it is known that a 
quantity of carbon still remains in the iron sufficient to make steel 
of the kind required, or else the blast is continued until the carbon 
i.s all removed, so that the vessel is full of pure malleable iron in 
the melted state, and carbon is added in the proper proportion, 
along with manganese and silicon. The steel thus produced is run 


implements. 
Another i 
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into large iiigo+«, wliicli are hammered and rolled like blooms of 

wrought iron. • 

V. Puddled Steel is made by puddling pig iron (Artieje 355, 

p. 504), and stopping the process at the instaj^t when •the .pro per 
quantity of carbon remaiiis. The bloom is shingled and rolled like 
bar ii-on. ^ 

VI. Grcmvlated Steel (the inveiAiou of Captain TJchatius) is 
made by running melted pig iron into a cistern of water, over a 
wheel, which daslies it about so that it is fojind at the bottom of 
the cistern in the form of gi'ains or lumps of tlie si/i- of a hazel nut, 
or thereabouts. These are imbedded in pulvei r.j 'l hamiatite, or 
sparry iron ore, and ejtposed to a heat sulheient to cause j>art of 
the oxygen of the ore to combine with and exti-aet tin* carbon 
from the superlieial layer^of (‘ach of th<; lumps of iron, each of 
which is reduced to tin; condition of malleable iron at tin* surface, 
wdiile its heart coiitinuo.s in the state of cast iron. A^ small ad- 
ditional quantity of malleable iron is produced by the rc;duction 
of the ore. These ingredients being melU;d togfitlior, produce 
steel. 

There are other processes for making steel in large quantities, 
for which see Appendix. • 

357. Hireiinth of irou niid — Wrought iron, like 

fibrous substances in g(;iieral, is more tenacious along than across 
the ribres; and its tenacity is gr(‘ater than its I’csistanco to 
crushing. 'Fhc effect of the latter difference on the best foi-ms 
of cross-section fof* beams has already been considci’cd in Article 
164, pp. 256 to 259, and will be further illnsiratod in llie*ic(iiicl. 

The ductility of wrought iron often causes it to yield by 
degrees to a load, so that it is difficult to determine its strength 
with precision. • • 

Wrought iron has its J«mgitudiiial tenacity considerably in- 
ci’cixsed by rolling and wire-drawing; so that the smaller size's of 
bars are on the wliole more tenacious than tin; Jarurer; and iron wire 
is more tenacious still, as the Jigurcs in t)ie table f>f tenacity at the 
end of the volume show. 

Wrought iron is weakened by too frequent reheating and forging ; 
so that even in the best of large forgings, the tenacity is only 
about three-fourths of that of the bars from which tlie forgiags were 
made, and sometimes even lcs.s. • ^ 

As to the effect ofheai on the strengHe^of urrought iron, it has 
been shown by Fairbairn (Useful Information for Engineers^ 
second series) ; — 

1. That the tenacity of ordinary boiler plate is not appreciably 
diminished at a temperature of 395* Fahr., but that at a dull red 
heat it is diminished to about three-fourths. 
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11. That the tenacity of good rivet iron iiicrease| with elevation 
of tenapei'iitui-o up to about 320® Fahr.. at which point it is about 
one-thijfd greater than ordinary atmospheric temperatures; and 
that it-then dimiiiijjlies, and at a red lieat is reduced to little more 
than one-half of its value at o^inavy atmospheric temperatures. 

Tlie /-esistancti of iron rivets to shearing is nearly the same with 
the tenacity of the best boiler plates. 

As to the strength of wrought iron to resist crushing, see 
Arli<;h‘ 157, p. 237. 

Numerous experiments have been made on th^^ tenacity of steel; 
but its other kinds of strength have been very little investigated. 
Its tcmacity, like that of bar iron, is increased by rolling and wire- 
drawing. 

^riie experiments already cpioted in ,,the note to Article 142, 
p. 221, have shown that the proof atrength of wrought iron is 
almost exactly one-third of the breaking load. 

The tables at the end of the volume give only average or extreme 
results as to the strength of wrought iron and steel ; and therefore 
the f< blowing tabl<‘s are here annexed, in which more details srti 
given, but still in a very comlonsed form, the authorities being as 
denoted by the capital letters (see ]>. 513). (See also Addenda, 
p. 790.) 


Taiu.r of the Tenacttv of Wrought Iron and Steel. 


De»cri()tiuii of Blatedal. 

Malleable Iron. 

Wire — V(‘ry strong, 1 

charcoal J 

W ir(i — A verage, 

Wire— Weak 

Yorkshire ( Lownioor), . . . 
„ I’roin 

to 

Yorkshire (Lowinoor) j 
and Staflb rush ire J- 

rivet iron, | 

Ch ircoal bar, 

Stallbrdshire bar, . . . froLi 
to 

Yorkshire bridge iron,... 
Staffordshire bridge i 1 * 011 , 
Lanarkshire bar,... from 
'to 


Tenacity in Its. per SfjiiaVe Inch. Ultimate 


I^engthwise. 

Crosswise. 

Extension. 

114,000 

Mo. 



86,000 

r. 



7 1 ,000 

Mo. 



6^,200 

F. 

52,490 F. 


60,300 

<>0.075 , 

)n. 

1 

f 0*20 
( 0-20 

59.740 

F. 

u 

0’2t00*25 

63,620 

F. 


0-2 

I Tsr 

56,715 1 

1 

43,940 F. 
44 , 3 ^J 5 

1 

f -30* 

[ -186 

49.930 

47,600 

64,795 1 
51,327 J 

F. 

F. 

•04; -029 
•04; '036 

f '158 

•238 
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Tablf — conikiued. 


Description oi' Material. 
Liincasliire bar, .... from 


to 

Swedioh bar, from 

to 

Kussiaii bar, from 

to 


Biiahellfd iron from ) 

turnings, j 

ITammerecl .scrap, 

Anglo-iron from |•^V<)m 
various districts, f to 
Stra])s from vari- ) from 
ons districts,... | to 
Bessemer’s iron, cast \ 

ingot, f 

Be.s.scnier’s iron, bam- ) 
mered or rolled, .... ) 

I 'essemer’s iron, boiler ) 

])late, / 

Yorksbiro plates,... from 
to 

Staflfordsliire plates, from 
. to 

StiiflTord shire plates, ) 
be.sT-best, charcoal, j 
Staffordshire 1 from 
plates, be.st-best, j to 
Staffordshire plates, best, 
Staflbrd.shire plates, 1 

common, j 

Lancashire plates, 

Ijanarksliire jdatos, from 
to 

Durham plates,^ 


Tenacity in lbs. per Square Inch. Ultimate 
Lengthwise. Cross'vise. • Extension. 


6o, 1 lo I 



• 

/•»69 

53 . 7^5 ) 

• 


{ •2*16 

48,933 1 

N. 



( -264 

4 r, 2 .V ) 



1 -*78 

59,096 (. 

N 


• 

/ ^53 

49 , 5*4 / 



1 133 

55,878 

N 



•166 

53,420 

tH,20O 1 

N. 

V 



•248 

50,056 ) 
53,937 ( 

N. 


i 

•108 

41,386 j 


\ 

. *048 

41,242 

W. 




72,643 

w. 




68,319 
58,487 1 

vv. 

N. 

55,033 1 

N.{ 

•109; *059 

52,000 / 

46,221 / 

•170; *113 

56,996 1 
46,404 / 

N. 

5 *,251 1 

44,764 / 


•04; *034 

> 3 ; '^59 

45,010 

F. 

41,420 • 


•^05; 045 

59,820 

F. 

54,820 

F. 

•05; -038 

rft 9,945 

F. 

46,470 

F. 

0 

d 

6 1,280 

F. 

53,820 

h\ 

•077. 'C.40 

50,820 

F. 

52,825 

F. 

'0.0, 043 

48,865 

F. 

45,015 

F. 

•043; *028 

53,849 [ 

43,433 i 

N. 

48,848 ) 

39,544 J 

N.{ 

■033; 014 
•093, 046 

51,245 

JSf. 

46,712 


•089; 064 


3 

Effects of Uekeating and Rolling. 


Puddled bar, 

The same iron live ^ 

- 43,904 

times piled, reheated > 
an*d rolled, j 

* 61,824 

The same iron eleven I 


times] died, reheated J 

^ • 43 j 904 

and rolled, j 

2 L 
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T A BLE — continued. 


Desctf^ptiop of Material. 4 

Stremjth of Large Forgings, 

Bars cut out of* I from 

laige forgings, / to 43,959 
J{arH <!nt out 'of large | ^ 

li.rgings 1 33,600 


Tenacity in lbs. per Square Inch. Ultimate 
Lengthwise. Crosswise. Extension. 


47>,82 ) ^ 44,578 f ■ 

; 36,824 \ ■ 


231; 

20s; 


•168 

‘064 


M. 


Steiol and Steely Iron. (See also pj>. 587 ^and 793 .) 


CaststeelVaira,rol- 1 from 132,909) ^ 
led and forg(3d, J to . 92,015 | 

Cast steel bars, rolleil ) -r, 

and forgcl, f ‘3o,ooo R. 

Blist(ired steel bars, ) 
mlled anil forged,.../ 

Slieiir steel liars, rolled ) 

and forged, / ' >4 ' 

B<3SH('nier’s st(‘el bars, I ^ 

rolled and forged,... / 

Bessemer’s stecil bars, ) , 

cast ingots, . / <53-024 W. 

Bessemer’s steel b:ii-s, ) 

hammered or r<»lled, j • 

Spring ba'Vs, ham- ) ^ ^ 

mered or rolled j •‘'>0 9 

lloimigeiu'Ous im*lal ) ^ xt 

• l,ars^s.lled, / 'J°’<547 .N. 

lloiiiogeiiooiis iu(;tal | » 

liars': rolled, / ‘^3-°°° I'- 

^wr^riri N. 

bat's, rolled and > 1“ 

forged, .•) <52,768/ 

Puddled steel bars, ) > tt, 

Lolled and forged,.../ ^0,000 F. 

Puddled steel bars, \ ^ 

rolled and forged,... ) 94w5“ 

Mushet’s gun-mctal,... 103,400 F. 

Cast steel plates, .... from 96,280 1 

to 75.594 / " 


•052 

•153 


‘097 

135 

'^55 


•180 

137 

•119 

/ *191 
I *09^ 


0-034 

97.^50 I V ( 057; 096 
69,082/ * ( -198; *196 
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Table — eontinuetl. 


Description of Material. 


Tenacity in Iba. per Square Inch. • Ultimate 
Lenjjthu'ise. • Crosswise. Tt-\tensinn. 


Cast steel plates,.... liard 102,900 ) „ • f *0*31 

soft 85,400 j ‘ ( *031 

Homogeneous metal ) 
plates, first quality, J 
Homogeneous metal ) 
plates, scconil quali ty , J 
Puddled steel) from 102,593) ^ 85.^i>5 ) ( 028; *013 

])lates, j to 7i.r).12j ^ ■ 67.< ;-6 , * "j -082; *057 

Puddled steel jdatesJ 93,fioo F. c^'125 


96,2S«>| ^ 97»^')0 I ^ ^-086; -144 


2,408 73'.^*^o ( i ■' 


•N. 


059; -033 


In the preceding tablg the following abbrevititions are uatnl for 
the names of authorities : — 

C., Clay; F., Fairbairii; 11., llodglvinson ; AI., IVJidlet; Mo., 
Morin; N.,* Napier <fc Sons; lb, iJenniu; T., Telford; W., 
Wilmot 

The column headed “Ultinmte Extension” givc's the ratio of the 
elongation of the piece at tlu^ instant of breaking to its original 
length. It furnishes an index (but a soinewlftit vague om*) to the 
ductility of the metal, and its consequent safety as a nwitt rial for 
resisting shocks. The vagueness arises from the fact, that the 
elongation of a bar just before breaking consists not. .so niiieli of a 
stretching of each particle as of a permanent drawtruj out, with a 
new arrangemenl of the particles; ami that it bears no 1ix(ul pro- 
poi-tion, even in tlie same material, to the origibal leiTjgtb, being 
proportionally greater for short than for long bars. It is probable 
that it depends on the thickness of the ])iece as well as on its 
length. * * 

When two numbers sojiarated by a semicolon ai)])ear in the 
column of ultimate extension (thus - 08 :^; the first denotes 

the ultimate extension lengthwise, and tlic s(‘<‘oml crosswise*. 

358 . Resilience of Iron iind Mtccl. — In ui‘d('r to obtain an exact 
measure of the c.apacity of a material for resif-ting shoeks 
tensioUy the modvluA of elnslicUy, well as thc*lc iiacity, must be 
known; and tbefj the moifuliis (f resUi^ive Jiatnrc and use 

have been explained in Article 149 , p. 5 ^ 27 , and Artichi 173 , 

]). 279 ) can be computed in inch-puauds to the cubic irmh, by , 
di\iding the square of the pro(f teuacify^y the modulus of elasticity. 
For iron and steel, the proof tenacity may be estimated at one- 
third of the ultimate teiuicity, 

• The experiments whose extreme result.s arc marked N, w'erc conducted foi 
Messrs. K. Napier & Sons by Mr. Kirkaldv. For details, see Trantactiom of th$ 
InxfUulion of Hnf/ineers in Scotland^ 1858-59; also Kirkaldj' On the S(renyUi of Iron 
nud Steel * . ^ « 
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I’lic following tril»l(! gives some cxa,mj)les of sj^ch computa- 
tions : — f 


f 


• Ultimate 

Proof 

Modulus 

Modulus 

Mk/i m. V 

Ih.N^^OX. 

Tenacity. 

Tenacity. 

of 

Elasticity. 

of 

Resilience. 

Cast ii*on- 

Weak, 

1 3*400 

4.467 

14,000,000 

1-425 

99 

Ax'erage, 

i 6 ,.foo 

5.300 

17,000,000 

1-78 


SbV)iig, 

29,000 

9.667 

22,900,000 

4-08 

IJar iron — 

Cood average, 

60,000 

20,000 

29,000,000 

T379 

J*Jato iron- 

-Cood avei-age, 

50,000 

16,667 

24,000,000? 

1 * 57 ^ 

iron Wire- 

-Cood average, 

90,000 

30,000 

300, 000 

. 35*57 

Soft, 

90,000 

30,000 

29,000,C'00 

3 to .3 

„ liar 

■j, 

132,000 

44,000 

42,000,000 

46*10 


To ex})ress the ]»ower of resisting sIk oks by compression^ tlie 
rosisl.'mee to ci’ushing might he snh.sti tilted in these calciil.athiiis 
for fh(^ t(‘n«inty; hut owing to the indirect manner in which 
Friieturo hy cwishing ta.k«‘s fdace, the ri'sult would bo of very 
doubtful nccuraey. 

•>oh. 4!orroHioii nu<l l*r<‘Hervntion of Iron. — On this [U)int, SCO 
Ai-tiehi p. 4d2, wliere soim? of the best methods of preserving 
th(! surface of ii-oii fivun oxidation Iiav(‘ already hcien mentioned. 

Oast iron niJl oft<‘n last for a long time* witliout rusting, if earo 
h(^ tak(Mi not to injure its skin, which is usually coated with a film 
of silicate of the ]n’ott)xido of iron, ]>i*(Mlucod by the action of the 
sand of the mould on the iron. Chilled surfaces of castings are 
without this ])rotectIon, and therefore rust more rapidly. 

'^Phe corrosion of iron is more rapid when jiartly wot and partly 
dry than when wdiolly immersed in w^atia* or wholly exposed to 
tl\^* air. It is acc<ileratcd hy impurities in water, and especially by 
the ]>res<'nctt of decomposing organic matter, or of free acids. Jt is 
also aeeiJerati'd hy tlu* contact of tlu' iron with any metal wliich is 
elect lo-negative relatively to tlu? iron, or in other words, has less 
alliiiity for oxygcai, or with the rust of the iron itsdf. Jf t^vo 
portions of a mass of iron are in ditferent conditions, so that one 
lias l(*ss aillnity for oxygen than thu other, the contact of the 
former makes the latter oxidate more rapidly. In g(*iicral, hard 
and crystalline iron is less ^idable than ductile and tlbrous iron. 

Cast iron and steel decompose rapidly in warm or impure sea- 
water. ‘ 

I'iecos of iron which are kept conshnitly in a state of vibration 
oxidate less ra])idly than those which are at rest. The comparative 
rate of corrosion of n on and steel plates has engaged much attention. 
The subject is fully treateil in a ])aper by Mr. Parker, read before 
the Iron and Steel Inst., 1881, the general results of which show 
that steel and iron are ^'ery much the same in their rate of loss of 
strength by corrosion. 'See also ]>. 7U3.) 
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Section IT. — Of Iron Fastenings. 

360. KiretM are made of the most and ductile i*fOU or of 

mild ste(*]. (See also Appendix.^ In onlSr that a rivet may 
connect two or more layers of piates or Hat bars firinly, tO-iid in 
order that the shearing stress bfcniL'ht to bear on the ^-ivet by 
a ft)rce tending to pull the ])latcs asunder may bft uniformly dis- 
tributed throughout the sectional arwi of the rivet, it is essential 
that the rivet should tightly lit its hole. The longitudinal com- 
pression to which the rivet is subjected dining formation of its 
head, whether by Inyid or by machinery, i Is to ju-oduce that 
result. 

The ordinary dinnaisions of riviits in [nactice are as follows:-- 

Diameter of a rf^ct lor ])lales less than half an inch thick, 
about double the thickness of the plate. 

For jdates of half an inch thick and uj) wards, aluTTit once and 
a-half the thickness of tln^ plate. • 

Lemjth of a rivet before clenching, measuring Iroin the head = 
sum of the thickness of the plal(‘s to be connected + X 
diameter of the ri\'et. • 

Inasmuch as the resistance of rivets to shearing js lu'ai’ly the 
Paine with the tenacity of go<al iron pJat(*s (.VkOOO lbs. pei’ square 
inch, or thereabouts), the distance apait of tlie |•i\^‘ts used to 
connect two pieces of plate iron iogetlu'r is rcgulatcil by the I’ule, 
that tlie joirU sectional area oftlie rivks shall be eqaal to the sectional 
area of plate left after punchimj the rivet holes. Tliis riije Iciids to 
the following algelnaieal formula (.see p. — 

Let t denote the tliieknes.^ of tlie plate iron, 
d, the diameter of a livet, 

the number of rows oj‘ rivets, 


it being under.stood that the rivets wJiich hnan a row stand in aline 
perpendicular to the direction of tJie tension w Ijicli tetnis to j>ull 
the plates asunder. 

c, the distance fn.m centre ift) centre of the adjoining rivets 
in ontj row; then * 


C zz: d ~\~ 


•7 •''o 1 iL r/- 



Fach j)late is w eakened by the rivet liole.s in the ratio 


• c — ^ *7 «S.‘) \ n d ^ 

c I f d* 

In “ siugle-ri vetted *’ joiiJts, 71 z=z 1 ; double-ri vetted "^joints 
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n = 2, and the two rows of rivets form a zig-zag; in ‘^chain- 
rivetted” joints, may have any value greater than 1. A single- 
rivottedf joint is weakened, by unequal disti-ibution of the tensif»n 
in the rfttio of 4:5. . 

Snp])().s(! that in a chain-vivetted joint tlie distance c from centre 
to c(*ntr* of the rivets is fixed, so as not to weaken the plate? 
below a given limit; then in order to find how many rows of rivets 
there should be, — in other words, how many rivets there should be 
ill each tile, — the following formula may bo used: — 


n 


(c* — d) t 

*7 854 i/- 


(3.) 


301. PiiiM, Kcyn, mill — "riiese fastenings are, like rivets, 

thems<‘lv(‘S exposed to a sbearing stress, While they serve to trans- 
mit a pull or thrust from one piece of an iron frame to another; 
and the. riiftVfor determining their pnqier s(*etional area is the same, 
with ibis moditieat.ion only, that if a i>in, key, or wedge is not lield 
perfeelly tight in its seat, 11 h‘ sluariiig stress, instead of being 
unirorinly distributed tliroiiglnmt its sectional area, will be more 
inlense at the ceidrel hiuT of the section tb;in elsewhere, being 
distribut(‘(l ae(;oi<liug to the laws explained in Article 1G8, p. 2fifi. 

The ratio in whieli tlu; m.iximum intensity of the shearing stress 
exceeds its mean intiuisity is tiu* quantity denoted by A -f- F in 
tlu‘ tabl(\ ]). 2()7 ; its two most important values in practice being 
the lollowing : — 

For rec t angular s aud wedge ‘s, ; 


For eireular or idliplieal pius, 

and the seeiional an'a nf tin* fa*'leiiiug is to be increased in this 
propeu’tiem be\(uid A\liat would be ueee.ssaiy if the stress were 
uni form ly d i st ri 1 m b m I. 

In m(h*r that a weilge eu* key m;iy be safe against slipping out of 
its st'at, its angle of ubliejuity ought n )t to exceed the angle of 
r<q)OS(‘ of iron upon inui, which, to ])rovide for tlio contingency of 
the suifaees being greasv, mav hr, take'ii at alH)ut 4^^. (Article 110, 

1 >- / 

302. BoIih and ScronM. — If a bolt bas to witlisbiud a shearing 
stress, its diamel<*r is to be determined like that of a cylindrical 
jtiii. If it has .t«) withstand tension, iis diameter is to be determined 
by having regard t») it> tenacity. Tu either case the effective 
diameter of the b<»lt is its least diameter; that is, if it has a screw 
on it, the diameter of the spindle inside the thread. 

j ij\ ^ 
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The project^)!! of the thread is usually one-Jial/ of the pitch; aud 
the pitch should not iu genei-al be greater than omji/th of the 
effective diameter^ and may be considerably less. • 

In order that the resistance of a screw or «3r( sv-boix to l*uptiire 
by stripping the thread may be at-. least equal to its resistance to 
direct tean'ng asunder, the length of the nut should be at l%ast one- 
hat f o^ tlie effective diameter of\lie screw; and, it is often in 
practice considerably greater; for example, once and a-half that 
diameter. * 

The head of a bolt is usually about twict^ the diameter of the 
spindle, and of a thickness which is UH\jall\ gs eater than live- 
eighths of that dianielfer. 

Sr.cTiON in . — (fj Iron Tien, Struts, and Ilcams. 

303. Fornim of Iron iSfir«. — In designing ordinary s^jfuctures of 
wrought iron, it saves time and expcjise to us(‘ iroy bars of such 
forms of cross-section as are usually to be Jiiet with in the mar- 
ket. The variety of those forms contiuuiilly increase's with the 
demand for new shapes; but au engiiu'er vshould avoid introdin'ing 
new sections for bars into In’s designs, oNci'irt wh(3n, by so <loing, 
some im])ortant jmrposc is to be sorve<l, <>r S(»me decid(3d advantage 
to be gained. 

Amongst tlicnioste(nninon forinsuf rolled bars are the following : - 

Hound iron, with a ciinailar ci\>ss-scetion. 

Square iron, with»a sipuive cross-section. 

Flat iron, with oblong rectangular eross-sections ?»f various 
forms. 

Half-round and convex iron, with one side cylindrical utkI t]^o 
other flat. 

Angle iron, with cross-sections shaped like an L, of varirms 
breadths, depths, and tliick masses. 

T-iron, with cross-sections sliaj)e<l lik(.* a T, witli a labl<‘ or /Jange 
and a rib of varions dimensions. 

Double T-iroii, or If-iron, m- 1-sbjjped iron, a u<*b and two 
flanges, of \||iriniis diinen.sioii.s. Tim moht *roiniJion Ibiin of 
railway bars belongs t<» this class. 

Channel iron, Avhicii is like a flat bar with llange.s projecting 
from both of its edges, Imt in onj direction only, so %hat if -i 
laid with the Hat bar downwards it is like a trough t>r rect- 
angular channel. 

Bulb iron, which is like a ilat. bar with a cylindrical thickening 
along one or both edge's. 

The ‘‘Bridge Hail,” tig, *239. 

The “ Barh)w llail,” tig. ^30. 
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FiK. 230. 


Dars of a cToss-sIiajKJcl section are sometimes . rolled ; but the 
figure is uij favourable to soundness of the iron; and when this 
__ • form of section is required, it is best 

ru build it. Tn general, figures fin* 

^71 JJ \\ iron bars wliich cannot be rolled 

1 witliout great distortion of the iron 

FIff 22». Fiir 230 ^ught to be avoided, unless there 

are s]>ecial reasons for using them. 

Angle bars and plates wHicli exceed an inch in thickness are 
Bf'ldom so sound as those of less thickness. Wh(‘i'e greater thick- 
nesses are required, therefore, it is in g(‘nei*al advisable to make 
thorn by building small thicknesses together. 

3G4. Iron tioi 4 ought in almost every case to be of malleable iron, 
ns it has about three tirnc^s the tenacity olicast iron. 

A tie may .cr)nsist either of one bar, or of several bars side by 
sidi», or of^^yircs lying parallel in a bundle or sjmu into a rojui; it 
may be in oim length, or in two or inoi-(‘ lengths joined tog(‘tluu*; 
if the hjngtiis nvo numerous and short, tlujy become and the 

whole tie a chain. 


I. Plate Iron Ties . — The best mode of joining two lengths of a 
plate iron tic is by 'means of a llsh-joint chaiii-ri vetted. In tig. 

231 are .seen the ends of two hingths of a 
f)late iron tie, imu'tingat the dotted line; 
th(‘y are connected 1[>y moans of a fish- 
pi<*(;e or coveHiaj phffa, which is chain- 
ri vetted to each of the pieces. The 
princii)les viccording to which the dimensions, number, and arrange- 
ment of the rivets are to be determined have been ex|)laiiiod in 
Article 3()(), p. 515; and it has there; also been shown to what 
extent the effectim scctlunaf area of the tie is diminished by the 
riv<‘t holes, so as to be less tlian the total sectional arc'a. 

When a j)late iron tic is built of several layei*s, they should break 
jouit ^y\ih each other; and at each joint there should be either a 
covering plate ora pair of covering plates, to tiansmit that share of 
the tension which belongs to tin; layer of plates in which the 
joint occurs. 

II. Tie-rnds or Tie-bars may be round, square, or Hat, and may 
be made fast at the ends by ]»ins ]iassing through round eyes, by 
wedgc\, driven into oval eyes or slots, or by screws and nuts. Tho 
proportit)iis of these fasteilinga have been considered in Articles 
3()1, 302, p]). 510, 517. Wedges and screws admit of being used 
to tighten the tie. 

When an eye is fi>rmed on the end of a tie-bar, care should bo 
taken that the sides of the eye ai’O of suHieituit strength. The 
tension is not uniformly distributed in them, being more intense at 


CO o O I o oo c 
O 6 O O ! O O O O 

Fig. 231. 
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the inner sidtf tliaii at the outer. I'o allow for this, the sectional 
may be mach^ one-half greater than would be necessary if the 
tension were uniformly distribut(Ml. • ^ • 

TIL Compound Tie-bars and Fbtf Chains made of lengths or 
links, each consisting of ilat bai’s pkeed side by side, and connected 
together by nit‘ii ns of eyes and ])in.s,^i.s in the side view, fig. ^3^, and 
|dan, fig. 262* AVhetlier it is desired to give .siilliiess to each 
individual bar or flexibility to the whole ehain, the b.irs should be 
on edge. The numbers of bars in a comjjoiind link are odd and 


:^o) (o^ 





■O or 

ri«?. 232.* 


even alternately; thus, in the figure, the links A and 0 consist of 
odd numbers of bars, and J3 of an (‘vmi number. The. ilimension.s 
of the pin are to be found as in Ai’tiele p. aid, talcing care to 
note at how many cross-sections it must give way at ouce, if sheared 
across; for the stress is <lisl]-il)uted amongst those, cross-sections. 
In fig. 232* th(*y are six in nuiiiber. As to I he eyes, sec* Division 
If. of tliis Article above. 

IV. In Oval-linl'cd Chains it is esstuitial to sinaigth that each 
link should be ]a^v<*iite(l iVoin collapsing b\ a sl.iy (»r 
cro.ss-bar, as shown •in fig. 233, wbru it a|)pe.ns ly 
ex])(!riiijent that the t(‘risi<»ii is iiniforiiily disinhuted 
over the cross-.sect ions c»f tlie twc» sides of (he liidc. 

V^hen the stay is omitted, the, strength of the. chain 
is reduced in the ])roportion of 

: 100, or nearly 0 : 7. 

(Barlow, 0/1 the Slrc/i/fth uf Materi/ds^ Artich* ! 13.) 

V. Wive Cables are snmetiines ni.uh* sim]>ly of a 
cylindrical bundle of [)ai’all(‘l wiresjtwrrc/^/ or Ijojnjjf 
together by a wire wound round the oiiNide of flie 
bundle. In consti ueting this .sort, of (ji*, <:re.it care is n»‘f^essary in 
order to distrihiiLe the tension erpialJy amongst the wires. 3']io 
tension is equally distributed, without ai'^,’ spis ial care, in /oifimsted 
wire ToppAi in wliicli the wir(*s are .spun into strands, and the 
strands into roj>es, without any rotation of individual vires, so that 
ihe fibres arc; all uiitwisfi d, ami all equally .straiue<l. This is the 
strongest kind of iron tie for its weight; its tenacity, of about 
90,00(1 lbs. ])er s<juare inch of seetiouVl^eing (cpial to the wtight of 
27,000 feet of its own length, or tbcreahi^uts. 



2 J3. 



520 


:matj:rials and structures. 


The best, aiul j)crlifi|).s the only safe, mode of maUmg fast tite end 
of a wire r#])e is to make it form a turn or loop round a dead-eye, 
and splice Jt into itself: -thiKS is the only fastening which is as 
strong MS the roj)c. • 

M^ii’e (i.'ibh's rccpiire special® care to protect them against oxi- 
dation. < (See p. 798.) ^ 

Vf. Welded ‘Ties. — Iron ties have been lengthened by scarfing 
the ends of the two pieces together, heating them to a welding heat 
by a gas llaine, and welding them together by an intense pressure. 
Data arc wanting to determine precisely the strength of this sort of 
joint. In an (ixperiment on the bursting of a cylindrical plate iron 
welded retort, tliii tenacity of the welded joint was found to be 

Jl(),750 lbs. per square inch; 


or probably*Mb()ut Ib.Olli.s of ilie tenacity of the plate iron 

VII. In pYnvhnj Iron Tics^ they may Siifidy be loaded with 
oiui-half of the instantaneous breaking load, without risk of 
permanent injury, tlui testing load being only applied once; 
('ilthougli fr(M]iu‘Mt ap])lieatioii of the same load would at last 
break the tie. (iiiee \k ^soo.) 

.‘JUf). vuHt Iron Niriif^ iiiiii piiiarii. — Oast iron, from its great 
resistance to crusliing, is peculitirly well suited for struts and 
pillars, es[)ecially those of moderate length. The best form for a 
cast iron strut or pillar contjiining a given (piantity of material is 
that of a hollow evliudei*. The laws of the strength of such ]>illai*3 
have already been I’ully explaiiuMl in Article 158, pp. 2i3G and 2‘M. 
The thi<^kiu‘ss ol‘ nu'lal in them is .seldom less than one-twelfth of 
the diameU'r. 


Ji- 


Another form of cross-section commonly adopted for cast iron 
struts is that of a cross, tig. ll.'hi. The strength of such struts may 
bo com[)uted a]>pro\iiuately by ]mtting for the co-officient a in 
equations 4 and 5 ot" Article 158, p. 237, a value greater than its 
value fora hollow e>!iiider, in the .same pro|u)rtion 
as a cross-sha})eu bar is more fiexible than a hollow 
h cylindrical tube of the same diameter and sectional 
arc.i ; lliat is to say, Ju the pro[)oi tion of 3 to 1 
nearly. 

liy siinila. reasoning, it a])pears that in the case 
of a hollow s<piart; cast iron strut, whose diagonal is equal to the 
diameter of the eylinder, the co-elh\.ient a is to be increased in the 
ratio of 3 to 2. 

Ht'nce we have the folloj^ving a])proximate formuloe for the 
crush ing load of cast iroh str uts in lbs. per squa/re inch of sectional 


1 C ..1 

Fijr. 234 
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Cross: diaiifoter from end to end of a ) . . 3 ^2 

pair of arms = 4; / ^ jT 8()0 

• • .3 /2 

Hollow square ; diagonal = A; 80,600 -4- 1 “^"|gQ()/^2' 

• /2 

Hollow cylinder; diameter = 4, ^ 80,000 ^ 1 


The preceding forniuhe refer to the* case in which tlie struts are 
fixed in direction at tlie ends. Wlien tliey a!7‘ hinged at the ends, 
the second tenii of each divisor is to be made Im'!!- limes as great. 

In order to give lifteral stidiies.s tci a fiat-em led pillar, its ends 
should spread so as to form a ea])ital and base, whose abutting sur- 
faces sliouhl be “fiiocd** iii-the lathe, or i)lim'd, to make tliem exactly 
plane and perpemlicular to the axis of tlie pillar. l\)r the same 
reason, \vhon a cast iron }>illar consists of two or more I.Tigllis, the 
ends of tho.se lengths should lie imnlc trul\ plant* ami perpendicular 
to the axis of the pillar by tlm same process, .so that they may abut 
firmly and equally against (‘aeh other; and they should he fa.stened 
together by at hiast four bolts [lassing through jnojeeting llanges. 

36G. lVroii|$hl Iron Mfruf« nii«l I*lllnr9t. — priuciple.s of fhe 
etrengtli of wrought iron struts have heeji e.\])lained in Ar-ticle 158, 
pp. 237, 238. It iippoar.s from the fornmhe deiluced by Mr. 
Gordon from Mr. Hodgkinson’s t‘Xf»eiim(‘nts, Ihat wliilt! cast iron 
is the l)(‘ttei' inaicrial for a pillar whose length do( ^ not exceed a 
certain limit as eoiifjiared with iis iliameter, wrought iron is the 
better niat«*rial \\hen the length exc(‘e(ls that limit. I^or pillar.s 
with fixed ends, that limit, iiceonling to the I’ormuhe, is ahout 20 
times the diamet«*r; for tlio^^e with hinged on«ls, a,l)ont 13 tiriici^; 
hut from the nature of the ealeulaiion, those resnlt.s must ho 
ivgavded as roughly a]q)roxima1e only. (Set*, p. 71)5.) 

In order to stilfen wrought iron struts, tlu‘y are made of various 
forms in cross-section, .sin-h as tin* angle iron, T iron, double T irtm, 
channel iron, <tc., already describ(‘d. A \erv eonvrnient fiirm of 
cross-scctiuii is that of ;i cross. It in general hiidt l»y livelling 
bars of simi»h!r fqiins together; thus, it may 1 m; made up of tsso 
T-irons rivctted back to back, or fimr angle irons j ivuUet^ back to 
back, or (as in fig. 235) one flat bar .V A, two 
narrow f*i* fiat bars, B, 13, and four angh^; irims, all 
rivetted together. This la.st form is that of the 
strut-diagonals of the Wari-en ginlers in the ( Jrumlin ^ 

Viaduct. A double T-shaped .strut may either be a 
single bar, or may he built in a manner Avbich will 
be describijd in treating tif beams. VlMitt Barlow 
Bad (fig. 230, \k 518) is also a gooiK^rm for struts. 


jF# 



Fig. 21} 5. 
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The Ibriii for a Avruiiglit iron strut is that of a cdly that is 

to say, a fniilt tiiho, which may be cylindrical, rectangular, or 
triiingidar. i h’ig. 2'5G is a cross-section of a rectangular cell, with 
foin- plate iroj» sidtfs connected together by angle irons and rivets. 
J'"ig. 2.‘37 is a triangular cell,# running along the upper edge of a 
jjlatr ii»)n lu‘!mi. ^ 

Fig. sh^.ws a simple form of cross-section for a strut, being 

p 


236 

;m(5ur<)f a circle. This might he further stitVoned by ri vetting 
a jmir of angle ii'ons along its edges. 

\Vh(‘n a wrought iron strut is hitujed at the ends, that gcMierally 
takes [jlae<‘ by its abutting at eaeh end against a cylindrical pin, by 
which it is 0 (aineet.(*<l with soim* other piece of tli(^ framework, in 
tht^ manner aln‘ady deserib(‘d for tie-bars. To fix its ends in 
dir<*ctioji, as it s(‘ldom has larg(* abutting suifac()s, it is in general 
nee('ssary to fiisUui it to tluj adjoining pieces of the structure by 
S(U'eral bolts or i-ivets. 

To itisure t.ln* stitiness of a huHt strut, the blira of which it is 
built sln^ild luTak joint, like the layers of a built mm tie. The 
abutment t)f smuM'ssive leiigtbs against each other should be firm 
and (‘(piable; to insuiv whi<*h, <*very bar should have its ends made 
cffvaetly plane and exactly perpemlicuKir to its length. This is best 
done by a machine consisting <»f a juiir of circular saws on one axis, 
at a clear dislanco a]>art (‘(jiial to the iiibmdt'd length of tluj bars 
when cut: a bar being placed ]»arallel to the axis, and moved 
towards it, has its Uto ends sawn oil* at once, in ])lan(‘s j)erpondicular 
to its h'ligMi. 

Mr. Coi don’s •formula for the nltimate 'strength of wrought iron 
struts, (hiductal from Mr. Jlodgkiu.son’s ex))fcriments, may be 
expiv.ssed as follows, 1* ln*ing the load, S the seetioiial area, I the 
length, and h the thiekiicss: — 

'’ = ;UJ,000- (i (1.) 

w*here a has the A alue „ ^ for struts fixed in direction at the 
of a solid rectangular section, being the least dimension 
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For other foin^? of cross-section, fin iipproximate rule has already 
been given, to the effect tluit h is to be considered as representing the 
least dimension of a triangle or rectangle circnmscribec/aln^ut the 
bar; but in many cases it maybe more satis^ictoiy tef take into 
account the least “radius of gyratior^” of the cross-s ection, as in the 
last article; and for thfit purpose tlie formula may be put in the 
following shaiic, r denoting that radius; tliat is tojsay, is the 
moan of the squares of the distfiiices of the ])artie1es of the cross- 
section from a neutial axis traversing its centre of gravity in that 
direction which makes least: — 


? = }«,(« +(1 + 55^) ( 3 .) 

For hinged ends, ])ut 9,000 instead of .*>(>, 000 in the divisc 
The following are valuoh of for diiUTcnt ligures: — 


iisor. 


T. 

IT. 

ITT. 

TV. 


V 

VL 

VTJ. 

IX. 

X. 

XL 

XII. 


Solid rectangle; least dimen- 
sion = ; 

Thin square coll ; side = A; ... 
Thin rcctangidfir cell; 

breadth b ; deptli A ; . . . 
Thin triaiigidav cfdl on the ) 
(*dge of a plate (fig. 237); > 
haso of triangle = j 

Solid cylindtii- ; diameter = A; 
Thin cylii^dricjil cell ; dia- 
metei' = h , . 

Angle iron of ecpial 
breadth of each = 

Angle ir(»u of uneepud ribs; 

greater h, hjss A ; . 

Cross of equal arms; 

H-iron ; breadth of tlaiigos ) 
h ; their joint area A ; J* 

urea of web 15; 

Channel iron; dcfdh of 
flanges + thickness of 
well, A; firea <d’ NNob 15; 

of llanges A; % 

Barlow rail; cro.ss-.sectitai 
composed of two quad- 
rants of radius R, mea- 
sured to middle of thic;k- 
ncss, connected by a table 
of sectional area = joint 
area of quadrants X *273 ; 


pial ribs; ) 
■ } 


-f- 12. 

H-- *<>. 

h '~ h d-- 3 

12 * 


ir- ^ 

h- 


62 A2 1 


-I- 6 

12. 

Id. 

8 . 


6- 2-t. 


A2 - 1 - 

b'^ 

12 


2 (62 + /,2). 

21 . 

A 

A -f- jr 


12(.^ 


+ 


A 1^ 


(A-l-B) 4(A-t-B)2 


R* -s- 7 neaily. 


}■ 
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XIII. iPairofHarlowraiJsawabove, 

j’ivofctecl base to base; ... 

XIV. f(JiVular segment .of radius 
• ii and levia'th 2 R 


•30^3 R* 




COS ^ sill ^ 

2 ■ 


sill® if I 

■ '■^2~j 


R* 


3G7. €’a«i Iron iicaiim. — For the principles which are applicable 
to cast' ii-oji beams in commob with beams in general, see Articles 
1Gb to J7b A,^p]). 230 to 296. The peculiar properties of cast iron 
as to strength, which liavcr to be considered in designing beams, 
nave been stated in Article 164, p. 257 ; Article 166, p. 261 ; 
Article 167, pp. 263 to 265; and in Article 353, pp. 499 lu 502; 
and the jn-ecautions to be observed in designing these, as well as 
other castings, have been explained in Article 354, p. 502. 

The most common andjiscful forms qf cross-section for cast iron 
beams are the inverted il-sha}Uid (fig. 239), the trough-shaped (fig. 
240), anc\,the double T-shaped (fig. 241). 

As to the transverse resistauce of the X'shaped section, see 
Article 163, Example VIll., p. 254. As to the proportionate area 



rtir. 2;J9, • Via. 240. Fig. 241. 


of flange and w(*b which niak(‘.s the temlency to break by crusliing 
at 1> and leuving at C eepud, see Article 104, Case I., p. 257 ; also 
the exaniph? in the same ])ng(*. The same formulie and example 
ai-e ap])lieable to trough-shaped beams, taking the two vertical ribs, 
J^, B', to be ecpii valent to one rib of tJie ssune depth and double the 
thickness. 

The thickness of the horizontal and vertical parts of these 
girders sliould be equal, or nearly equal, for the reason stated in 
Article 354, p. 503. 

Tlie double T'-shaped beam is in general made of a figui’e intro- 
duced by Mr. Hodgkinsoii, with a view to making the strength 
equal above and below. As to the pro|x>rtions of that si'ction, see 
Article 164, Case. II., p. 257 ; also thj example in the sjime page. 
See also Hodgkinsoii On tlie Sli'CHyth of Cast Iron, . 

. In order to make the stretched table C large enough as compared 
with the compressed tai)le / , it is neccssaiy to make the former 
considerably thicker than ^Ae latter. This is reconciled with the 
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nile as to avcAling abnipt changes of thickness in castings, by 
nuiking tlie vei'tical web B of the same tliickuess with A at the top, 
and of a gradually increasing thickness towards the bo^n^ where 
it is nearly as thick ns C- * ^ I > 

Tiansvcrsc ribs or feathoi*s on cast iron beams are to be avoided, 
as forming lodgments for air-bubbTes, and as tending to cause 
cracks in cooling. • * 

0])en-work in the vertical web is also to be avofded, partly for 
the same reasons, and partly becauseVt too much diminislies the 
resistance to distortion by the shearing action of the load. 

The various '\forr)is of equal stremjfh'' 'n\ !tuigitiulinal sections, 
already described in Article Itio, pp. 251), iMo, arc more easily 
executed in cast iron than in any oilier material, and are often 
emjdoyed in practice, especially those sbi>wn in figs. 141, 142, 143, 
144, and 145. 

The forms of horizontal section shown in tigs. 142 and 144 are 
ay)plied to the flanges or tables of double T-.sha})cd girders of 
uniform depth. 

In supporiing a cast iron beam, provision must bo made at one 
end for its cxyiansion and contraction by heat and cold, which take 
l>lace at the rate of about *00111 for the 180"' Fahr. between the 
ordinaiy freezing and boiling ])oints of w’atcr, or *0000062 rioarly 
per degree of Fahrenheit’s scale. 

368. ficnglliened niiil Tru*i*i4‘«l Tnivt Iron llrniim* — It is seldom 
advisable to use j^cast iron beam of a sjian so great that it cannot 
be cast in one lengtl^; but should it nevertheless be determined to 
do so, the following yivincijiles are to be observed in* the construction 
of each junction. 

Above the neutral axis the ends of the pieces should be true 
planes, abutting closely and e^piably against each other, and exactly 
j)erpendicular to tlie axis of tin; beam. 

Below the neutral axis the piece's ai’o to Ihj connected by means 
of transverse flanges and wrought iron bolls, Avhicli will thus, at tlie 
joint, perform the duty of the lower or stretcljell table of tlie beam ; 
and the total sectional area of those bolts sh(»uM be sucli as to 
make, not their tenacity, but tlieir prtfporUonafe elunyation by a given 
tension^ the samoVvith that of the cast iron tabh* foi* wliich tliey 
are a substitute. This condition will be approximate!}^ fulfill(;<l by 
making the sectional area of the bolts in all about one-half of that 
of the cast iron table ; when their tenacity will be more than sufficient 

Care should be taken so to arrange, the bolts that the ra(ian of 
the squares of their distances from the neutral axis of the section 
shall not be less than the corresponding quantity for the cast iron 
table whose duty they are to perfornu 

The same principles arc to be follo^v^ in designing that sort of 
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trussed ea.st iron in which a j)fiir of wrought ifoii tie-rods are 
substituted for tli(‘ whole or part of the hiwer table. 

369. Wroii^iii Iron R«nmM. — For the principles wliich are 

applicaplo tl> wrought iron* beams in common with beams in geneml, 
see Articles 169 to i79 A, pp. 230 to 296. 

Th(‘ most common and useful forms of section for wrought iron 
beams vhat {n-(‘ rolh'd in oner piece are the T-shaped, and the 
T-sh:i]>ed or dftubhi T-shaped, of which latter form fig. 242 is an 
example. / 

As to the i-esistanc(» of cross-sections of those figures to cross- 
breaking, see Artich^ 264, Examples VITT. ami IX., j)p. 254 to 
256. As to the mo<l(‘ of fixing the prolwrtions of such sections 
in oi'der that th(‘y may be of equal strength against cnish- 
ing and tearing, see Ai’ticle 161, Cases ITI. and TV., 
j). 258, and tlje exauqdo in tin? same page? ; tliese being the 
cas<*M applicable to a material in which the tenacity 
((i«'‘Tiot(jd V)y in tlie formula') is gi-eater than the re- 
sislancf* to cnishiiig (denoted by /^). 

FIgj. 242. j,l.,in wi-oiight iron lK*am usually gives way under a 

transverse load by tlie C(unpresse<l flange bcuiding sideways ; for that 
flange is in gem'ial ‘o nari-ow, aseom])an‘d wiili its length, that its 
condition is analogojts to th.at of a long wrought iiYui strut. (See 
Article 158, p. 237.) 9’h(' co-(‘flioient ,4, thendbre, which is tlie 

modulus of resistance of that flang(*, is not in general a constant 
quantity, but is less as the tlang(i becomes narrower in comparison 
with the span of the beam. ^ 

From }]i naluetion of the experiments of Kairbairn on wrought 
iron beams, givmi in bis works, (hi the Ajfplication of Iron 
to Building Purjxises, and Useful h formation for Engineers^ 
fi”st series, it a])p(*am that the modulus in question may be com- 
puted with sutlieient aciunacy by the following formula, in which 

I denott's the span of the beam, and 
5, the breadth of its eom[)ressed flange: — 

Aa(m lbs. on the square inch) — --- (1.) 

1 -f 

^ 5,000 52 

The following table shows the result of ajiplying this formula to 
variously proportioned beams, and of substituting its results in 
equations 10 and 1 I of Article 164. p. 258; the value of the 
tenacity being iissumed to be 60,000 lbs. per square inch in each 
case. Aj denotes the sectional aiva of tlie compressed flange ; Ag 
that of the vertical ^^'eb^; iV . that of the stretched flange ; K tlie 
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deptli from centre to centre of the two tlunges; the breaking 
momeuL in inch-lbs. : — /» 

./i ^ * Mjj-//?. 

I. 60,000 10 35,294 ‘35*^0 4- 1*7 A3 14,1 18 Ag + 60,000 A3 

IF. 60,000 20 33,333 *4 A3 14,444 Ag + 65,000 A3 

III. 60,000 30 30,509 -48 A2 ^ 107 A.J 1 4,9 1 6^ A 2 4 - 60,000 A3 

IV. 60,000 40 27,273 -6 A.2 4 2-^ A3 15,455 Ao + 60,000 A3 

V. 60,000 50 24,000 75 Ao 4- 2*5 A.j T 6,000 Ag + 60,000 A3 

Till* ])receding results are made to flu‘ T-sha]>ed 

st'ction simply by malting A3 -- 0. 

Ill cast's in whieli a beam is liable, to b() strained alternately in 
either direction, the sec’liou is to be made similar above and 
bi'low, so that A^ - A3; tin' bc'am tends to give way in evt'ry ease 
by lateral lieuding of the llangt^ whieb is compressed to* the time, 
and /a is the modulus of ru[)tnre ; and tlie expression for the 
breaking moment assumes the simplified form, 

Mo-./: A' 'A,).., 

The of wrought iron heams by In^at is very slightly 

greater than that of cast iron beams, being about *0012 for the 180 “* 
between the ordinary freezing and boiling points of water, or about 
• 00000 G 7 per degree of Fahrenheit. 

370 . Plate and 0ox Beams. — This class of iron or steel beams 
comprises various cross-sections, built t)f plates and bars rivetted 
together in various ways, but all virtually equivalent to doubh* 
T-shaped sections, .and having their strength dependent on the samp 
principles The fuUowiug are exampli:s : — 



Fig. 248. Fig. 244. Fig. 245. Fig. 246. 

Kg. 243 is a plate beam having pingle plate for the vertical 
webf while each of the horizontal ritvor flanges consists of a flat 

4> ^ 'x ^ 

2 M , 
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bar and a pair of aiif'lo irons, livetted to each otlAr and to tho 
vertical weL 

Fig. i44 a “ box bea.Ti,” in which there is a double vertical 
web. Tlic a<lvant.ago of this construction is to give additional 
breadth, and tliercjfore additional lateral stifTness and additional 
Eti ongt h for resisting thrust, to the compressed table or flange. 

Kig. 2 In is ii j»late beam or greater diiiicnsions than fig. 243. 
^J’be boi izonlal ribs or flange^ contain more tJian one layer of flat 
bars, and tlie web, wliicli consists of plates with their largest 
diriM iision vertical, is slifleiiod by vcTtical T-irou i ’d‘s at the joints 
of tliose ]ihites, as shown in the hoiizontal section, fig. 246. 

To give still greater stifiness and strength to the upper or com- 
press<Hl horizontal rib, it is sometimes a cylindrical tube or cell;” 
Hometimcis a rectangular cell, as in fig. £‘16, p. 522; sometimes a 
triangidar cell, riv(;tted to lln; up]>(*v edge ot the vertical web, as in 
237, p. 522; and in .sf)me cases a line of plates bent into an 
inverte.d segmental trough, as slu»wn in the cross-section, fig. 238, 
p. 522, has been iriade fast at its summit V, by «anglo-irons and 
rivf'ts, to tJuj upja'r edge of the vt'nical web. 

Ill fixing the dimensions of the jiarts, ami computing the strength, 
oflieimis of this class, the rules of the i)r<‘ceding article arc all ap- 
jilicable, having regard to the* following special princijdcs : — 

I. ^riie s(‘veral tiers or layiTs of j>i('e<*s of wliich the beam is bnilt 
filiould breidc joint as muc]i as possible. 

II. Upper IJorizonlal Rih. — 'Flu' several lengths of the pieces 
composing the v]i])ei horizonlal rib should abut closely and truly 
against each other, having end surfaces made exactly poi’pendicular 
to the axis of the beam, as alrca<ly described for wrought iron 
stj'iits in Article ‘JGG, p. 522. Tii nsyig equation 1 of Article 366, 
p. 526, to comjmtc the modulus of rupture by ci'ushing, /a, the 

/2 

following are the divisors by wliicli to bo divided: — 


sin 2A 

“ 2 ^ r 

1 1 1. Lower Horizontal Rib . — The several lengths of jilate^ or bai*a 
of which the lower horizontal rib consists are to be connected w ith 
each other by covering-plaW’and rivets as prescribed for wrought 
iron ties in Article 364, n and the symbol A3 in the formulas 


For a IFat up])er horizontal rib, or a trj- 1 ^ qqq 

angular cell, / ’ 

For a square cell, 10,000 

For a cylindrical c(‘ll or an inverted 1 ^ 

seinicireular trough (diameter — ‘ 5), J ’ 

Fol an inverted segmental trough, sul)- ) 7,500 /- 

tending the angle 2/» to radius unity, j siri^ ^ V 
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of Article 36J?, and of tbe other articles tlicre referred to, is to be 
undci'stood to stand, not for the total sectional area of tje lywer rib, 
but only for the effective sectional area l^t after niakii^ tln^ proper 
deduction for rivet-holes, accordinjj; to the i>Ant iplcs ex] Gained in 
Article 304, p. 518, and Article .*1^), p. 515. 

For the b(*st plate iron, the valii^^ the modulus of tenacity, yj, 
is on an averagi‘ about 50,000 lbs. [)er Mjuan* iiich.^ 'J’lie following 
are the results of substituting that Ikdue fo]‘ 00,000 in the com- 
putations of the table in Article 300, p. 527 : — 


.A ^ Aj 

For A Flat 
Upper Uib. , 

I. 5o,000 lo 35,294 ‘21 A2 1*4' A3 

IJ. 50,000 20 33,333 '25A2+I‘5 A3 

III. 50,000 30 30,509 •32A2J1-04A3 

IV. 50,000 40 27,273 -41 AgH i*J>3A.{ 

V. 50,000 50 24,000 ‘54 Ag ♦ 2 *08 Ag 


Mo -A' 


10,784 A 2 4- 50.000 Aj 
11,111 Ag 50,000 Ag 
1 T ,5,S4 + 50,000 A 3 

l 2, l 2 l Ag + 50,000 Ag 

1 2,067 Ag -I- 50,000 Ag 


IV. Vertical Web . — The thickness of tlu^ V(*iti»*al \vf‘b is seldom 
made less than inch, and, except in tJie largest bcMiiis, is in general 
more than sufficient to resist the sh(‘ari]»g stress. Jn tliost* beams 
in which it beemnes necossai^^ to attend speejally to ihe power of 
tlie vertical web to resist the slaaring action of iJu; load, the 
amount of that Siearing aciiojj is to be com]»u(ed for a sulliejent 
number of cross-seerions by the forinuhe (»l' A ^Liel^ l(il,4Jase IX., 
j»p. 247, 248, 210, and its gn'atest intensity, for an assumed 
thickness of weh, l)y the formula of Article 11)8^ (Jase VIII., 
p. 267. (In many cases, however, it is suJlleieiitly aeeuraUi t5) 
assume the shearing stre.ss to be entirely boiiie by tlu! Aci-tical 
web, and uniformly distribut<}d tliroiigljout its section.) It i.s llien 
to be considered that tlie shearing stress at tlie neutial axis is 
equivalent to a ]adl and a thrust of equal" inlen.^ilv inclined 
oj»posite ways at 45'\ and that tlie vertical web li \'ds to gix’c way 
by buckling under the thrust; so tluo?its ullimate rc^sistance in lbs. 
jjer S(piare inch is«giveii by the following expression; — 


* 36, 000 

* **■ 3,do0~i2 


.fi.) 


in wliicl; t is the thickness of the plates of the web, and s the dis- 
tance measured along a line inclined at 45° to the horizon, between 
two of its vertical stiffening ribs; or, i ' jt has no such ribs, between 
the upper and lower horizontal ribs. intensity of the shearing 
* About 66,000 lbs. is the coirespoQdmg averaj^ value for s- tee] plates. 
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action of the working load should not exceed one-sixth of the 
resistance above formula. 

V. Lqnyl^idhial Vartal^ns of Section. — Inasmuch as the bend- 
ing Tiit>iiient of the, bond diminishes from the middle of the beam 
towards the ends, and the shearing force from the ends towards 
the miihlle, according to princi|)les stated in Article 161, pp. 245 
to 240, the ti'ansvorse sections of the horizontal ribs may be 
Hirniiiislicd from the middl^/ towards the ends, and that of the 
vertical w<ib from the ends towards the middle, so as to make the 
resistaneci to bending and shearing respectively vary according to 
tlie same law. 

VI. V&i'lical Ribs. — Each vertical rib is be considered either 
as a suspe-nding-pioce from which a portion of the load hangs, or as 
a pillar on which a portion of the load lies, according as the load is 
hung Irom or siip})ort(‘d u]M»n the beam; and its transverse section 
must be inade sufticient lor the duty so thrown u])on it, according 
to the |)i*inclples of Article 364, p. 518, or Article 366, p. 521, as 
the case may be; and regard must be liad to the fact, that a large 
rolling load, sindi as that upon oiie of tlie whecds of a locomotive 
engine', may he eoi icy* titrated upon one vertical rib. 

Ahov<» eaoli of the points of support^ the vertical ribs must either 
be jdaced clos(‘r or made larger, so that they may be jointly 
capable of safely bearing, as jiillars,' tile entire share of the load 
which rests on that point of support. 

A jiair of vertical T-iron ribs rivetted back to-back through the 
web-])lates may.be held to act as a pillar of *cross-shaped section. 
(Article 366, CV'.se IX., p. 523.) 

i^Note to fHayonal Ribs. — It is obvious that the best position of 
the stiflening ribs would lx; diagonyi, sloping upwards from the 
ends of the beam towards tln^ middle at angles of 45°; but this 
would involve inconvenience and expense in workmanship, and 
would cause the phites for the web to be cut into awkward and 
complex hgures). 

VII. Rivets. — Till? principles which regulate the number ainl 
dimensions of the riveks that.connect the lengths of the stretched 
horizontal vih tog('tli(*r have been siifficmntly ''xplained in the jias- 
srgea referred to in Division 111. of this Article. 

Tlgi rivets which connect one division of the web with an adjoin- 
ing vertical rib should be capable of withstanding safely the greatest 
cheuriiig action of the load at the joint in question. 

The shearing action on the rivet' which connect one of the 
horizontal ribs with a given division of the web is to the„vertical 
dieaving action of the load at the middle of that division very 
nearly as the length of thej^vision in question is to its depth. 

VllT. Camber . — In that a bi»pJt wrought iron beam may 
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become nearly straight under its working load, it should be oon- 
etructed in such a manner that, if unloaded, it woul(| have a 
“camber” or upward convexity equal to the anticipated ^working 

deflection. . . .* « ? * 

Owing to the yielding of the joints, it is found that, in computing 
the deflection of plate girders, when tii'st loaded, a smaller modulus 
of elasticity ought to lie taken thaif f >r continuous^ iron bifl*s. Its 
value in lbs. per square inch is about 17, •’>00,000, or two-thirds of 
the value for a continuous bar, so tlia.S tin* delleclion is about oiie- 
half greater. But the jnirt of tliat deiioction duo to the yielding 
of the joints is permanent; so that after the i >’ its have “como to 
their bearing,” tlie inodulug of elasticity bccfiiM s the same as for 
a continuous bar. 

Witli a cross-section q^’ equal stiMuig^h, tlui winking deflection is 
as follows : — 


AKh ' ^ 


.( 2 .) 


Taking 6 as the factor of safety, we may make, with sufficient 
accuracy for the present purpose. 


For an uniformly -loaded beam, \vitli an imiform cross-section, 
if the oross-soclion varies along the beam so as to be of 

uniform strength aiAl uniform depth, n" ~ -As^aiminj^the latter 


to be nearly the case, wo liave 
working deflection - 


14,b00 /2_ 

X 17,S()0,000 4“ 10,000 /y 


( 3 > 


or a third proportioned to the thpth and the hundredth part of the 
span, 

• 2 ^ 

For exanqile, an oi dinary jjroportion is / - I o h ; then 

Tt is advisable to drill the rivet ‘holes, espechdiy wlion steel ia 
used, and if sevT'i.u plates are to he united the holes .should be 
drilled together. • • 

371. (Srcni Tubular CiiinirrH. — This term is a]>plie(l to kollow 
plate iron girders so large that tlie traffic of a bridge can pass 
thronglythe interior. 

Fig. 247 is a skeleton diagram of a cross-section of the class of 
tubujaf girder used in the Conway and Britannia bridges, in which 
rae .top and bottom are cellular, consisting of plates so disposed as 
to form rows of square or ijparly square cells, like that in fig. 236, 



fi32 


mateAials and structures. 


p. 622 . fen order that tliese cells may be sufficiently stiff, the 
width oleach of them should not exceed thirty times the thichiess of 
ihe plaAi of wjiich tliey^are made. The joints of the cells are 
connected air J stiffenj*d by means of covering ])lates outside as well 
as angle irons within. The bre^ltli is fifteen feet. 

^rhe two vertical webs, or sides, B, exactly resemble the vertical 



Fi-. ‘J17. Fifv. 2‘18. 


web already doscriln'd in Division TV. of the last article, being 
coni})oacd of |>lat(‘s s(*t ii]) on (.‘irl, and connected by means of pairs 
of vertical T-iron ribs, The hoinzontal joints of the side plates are 
made fast by covering strips. The lateral steadiness of the con- 
nection betwem the hm-izontal tables and the vertical webs is 
assisted by means of gussets, /i, A, and ''horizontal pi'olongations of 
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the inner T-iron ribs. The top and bottom are further VtilFoned 
by transverse ribs, e, one at every third set of vertical ribs. 

Fig. 248 shows one-half of a kind of cross-section for a great 
tubular girder 16 feet broad, in which the top and bdttom consist 
of one or more layers of plates n vetted close together, and stif- 
fened by means of projecting ribs, instead of by a cellular structure. 
The girders ot the Victoria Bridgo*ovcr the St. Lawrence were of 
this class. A is the upper table ; it is slightly arched, Ijaving a 
radius ol cu»'vature equal to about sAx times its breadth, and is 
stiftened by the longitudinal T-iron ribs (/, 7, </, d, about 2 feet 3 
inches apart, and by the trau3\erse ribs c, 7 feet apart. B 

is one of the sides, \iith vertical T-iron ribs in pairs, about 
teet apart. C is the bottom, consisting of a sutlicient thick- 
ness of plates, with covering strips; ’it is stiffened, .so far as it 
needs stiffening, by its coniiectiou with the transverse joints y ot 
the platform, wliich are double T sliaped plate beams, oi7e at every 
7 feet ; hi h, are stiffening gussets. There is now a double line of 
rails and openwork girders in place of the former tubular girders. 



Fig. 249. — [Tlie Victoria Bridge, from a Photograph.^ 


The whole of the principles of constnicti^u and .strength stated in 
the preceding article for plape and box-heani.4 are ajiplioable to great 




63i { MATnaAI^S AND STKUCTUKKS. 

tiibular^irders. lu aj)| dying to them the principle of Division 
VI. of ihat Article;, p. 530, so far as it relates to the strength and 
stiffness F’cfjuired foi- the|Vertical ribs at the points of suppoit, it 
nuiy l)(! fbnifd iiccc^fjiiy greatly to enlarge those ribs, and to give 
tliciii the Ibi ni of double T-slu.ped plate girders standing on end, 
and taj>''riiig from below ujFwards. 

'i\f illiisiraie^ the relative proportions of the parts of which a 
tubular gnvbjr is composed, the following statement shows those 
propoi’tions for the tubes of''Jic (Joiiway Bridge: — 

'riic (juantities of iron in the to]) and bottom are nearly equal; 
for though the top, being compressed, has a larger (sff^.clive section 
than the bottom, which is stretched, the total section of the 
bottom is increased so as to be nearly equal to that of the top, 
by the greater tliineiisious 'of the coveriirg plates required at the 
joints. 

The twft sides tog(;th(‘r contain nearly the same (juantity of iron 
with the top.. 

'Jlie distribution aniougst the various ])arts is as follows: — 



'r<ip. 

Siller. 

Bottom. 


• 

I*er cent. 

IVr 

I’er cent. 


riafes, 

6 1*0 

51*3 

6l*I 


AngbMroii and 'P-iron, 

293 

37 - 

14*9 


( ^)vers, 

3*=^* 

5*4 

19-7 


Bivet.-1 leads, 

5*9 

6-t 

4*3 


I’roportiou ]M‘r cent, of ef- 
feeiive to total seetion, ) 

lOO'O 

«77 

lOO'O 

1 00-0 

i 

Without 

43*0 

73-2 ^ 

deducting 

nvot<bolOB 

lhoj)ortion yu*r ei'ni. uf ef- S 
fectivi; to total seetiiui of ( 





bottom, dedue.iing vnt'- ( 



01.9 



sarenth for rivet-hvdes, ) 

(Set* Bakrn-, /j>h(/ and cohort S])a7L Jiaihray Hritlycs ; Fidler, 
JJridye Constrifcoiou ; Anglin,' 7’hQ De'gn q/^J^ tract tires.) 

372. In tin* fCrrriioii oi" Iron <sircif*rK« three mothods mav be 
followed : a girder may be built on i-lie ground and lifted to its 
]>lace, it. inav be moved endwise upon rollers on to its juers; 
or it may be built in jFositiou on a scaflold. Tlie first method was 
adopted w ith tin* girders of the Britannia Bridge, each of which 
was floatt'd on pontoons to a ]K)sitiou between the piers directly 
below its permanent position; the faces of the piers having recesses 
to a<lmit the ends of the girder. It was then lifted by means of 
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chains, hanging from the cross-hemls of tlie plungeiu ofkj)airof 
hydraulic presses on the toj) of tlie ])iei*s, through a height <?qnal to 
tlie stroke of the plungers (G feet). As the beam rose, the recesses 
>)ch)W its (*iids were built uj) with brickwork, tviiich fojiued a j)air 
of tempomry supj)ort.s for it while tlie plungers were lowered and 
th(‘ elijiins shortened, in order to it through the h(*ight of 

another stroke, and so on. Tin* 4h*ders of the Victoria Jiridge 
were built upon aseallblding in their Gnal position, all the pieces of 
which they W'ere made having been shaj-cd and jiunchcd in England. 

The method of moving endwise on rolli‘i-.s ■ w to the piers is best 
aduj)ted to girders that are continuous ovt * iv\uor more spans; 
and such girders may at^cpiirc* during the process to he tempomrily 
stiffened by mean^ of masts and stay-chains. 

In order to give a giidcv put np sjnin by s]):ui tin; [iroperty of 
continuity OYHY its piers, the following method has been practised: — 
Supjiose two lengths of the girdei to liii\o been eroeteu, and to 
be still discontinuous over the pier where they nicftt. Eiich of 
those lengths is bent by its own weight; and their adjoining 
ends, instead of standing in parallel \ertieal planes, lean away 
trom each other. lurther end of one of the lejigtlis is now 

tilt(*d up, by means of a hydraulic press, a liTling jack, or some 
such suitable machine, until tin* two adjoining ends meet ac- 
curately; when they are niadi- fast to each other by fishing, 
bolting, rivet ting, or other siiitahle ineajjs of couneetion. 'J'ho 
furtln*!* end of ‘tin* girder that has been til (id up is now lowered 
into its prf)])er ])lacc ; and the same ]»rocess is f(dlow(‘d for each 
joint wdn*ro continuity over a piia* is requirecl. ^ 

As to the effect of continuity ov<*r the piers uj)on the strength 
and stiffness of a gii’dc'v, see Article 17»S, p. 2S7, and especially 
iMethod II. of tliat Article, pp. 2tS8 to 

'J’he continuity of a girder must nut be carried throughout a 
greater length than is consistent with a pn)])cr jnovision for its 
expansion and contraction by changes of tempi ratnre. An iron 
girder can have* only one fixed .suj»port; all llu' i*cst must be on 
I’olhjr beds or slides; and in the ease of a. girdi j* continuous over 
])iers the best positimi for the fixed ]»oint of support is near the 
middle of its hnigih. Mdie^largest continuous tubular girders 
erect(‘d ai'e those of the iJritaniiia JJridge; tiny are IjOlTfcctiri 
length, and rest on thi'ce jiiers and t.w«) abiilim-nts, foj'niin^^ four 
spans; tlicy have a fixed snpj)oi*t (ui tin* central pici*. ami rest on 
rollei's at the otht'r four ])oints of supj)oit, so (hat tlie length <»f 
metal wjiicli expands and contracts at each side of the fixed suriport 
is To."),* ft?et. 

From wdmt has been stated resjieeting Jlnj inode of connecting 
the lengths of a continuous ?girder, it is obvious that, previous to 
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the milling of tlie connection, each leiigtlj bends undei' its own 
weight^ a H(i|>arate girder, and that the whole of its top should be 
stifi'ened t(j resist conipiiession. After the connection has been 
eflected, tin; to|) ofacjicli girder assumes a state of tension, and the 
bottom a state of cejinpressiorf, from the })iers to the points of 
contrax^>f JlejMre (p. 2fil, equation 10). Hence botli the top and 
tlui l»ottoni of a girder wliich A to be continuous over the luers are 
to he stiifened by means of cells or ribs, so as to be capable of 
resisting either compre.ssioU or tension. Such is the case in the 
Uritannia Bridge, wliere the girders are cellular both above and 
below. (See the authoj-itics cited in p. 534.) 

It has already been shown in Article 178, Method II., 
equations 7 and 8, pp. 289, 290, that if vj be the fixed 
load, and w the rolling ‘^a-ool* load (being twice the ordinary 
rolling load) per unit of length, the moments of fiexure are 
res[>ectivfcly. 


ov’era }»i<‘r, — M 


2 m + V)' 


( 1 .) 


in th(' middle of a span, jMq 


+ 2 w/ .g 
2 1 ~' ^ ^ 




the Sinn of wliich, or 


8 ■■ 




(;{.) 


is simply, the moment <»f flexure in tlu^ middle of a separate gii'der. 
Tint ellect ol’ the ojx'i-atioii, then, already described, by which a 
girder is made eoiiUmious n\cr the piers, consists in relieving the 
nuiddle of I’ach sp.in of the girder of. liendiug action to the amount 
denoted by the exjuessiiai (1), and transferring that amount of 
bojiding aetion l-o (he parts o\er the piers. Jf, as is the ease in 
tubular bridges of the largest elass, tin* rolling load is less than 
the fixed losd, (I) A greater than (2); hut the most advantageous 
method of eiiiph»ying the strength of the material, is to make the 
bending actions at mid-span ‘and at each pier equal to each other, 
each of them being one-half <if the expressioir(3’) ; that is to .say, 


w J- w 
10 




(4.) 


To effect this r(*sult, an hiiper/ect nontinuitp is to be produced in 
the following uiaiiuer: — 

Observe the angular opening between the end surfaces of a pair 
of lengths of the ginh*^ a.s they lean from each other hefore being 
oonnected; denote it by then compute the following quantity;— 



BULAR GIRDERS — EFFECT OF WIND. 


537 


and let this be the auglo betwrrn the faces ^or a dge-ehaped 
tilliiig piece to be introduced into the tiponing l*et\\eeu the ends of 
the lengths of girder before coniucting tlieiii, so that the opening 
may be reduced in the ratio of the cX] session (4) to*the exj)ressiou 
(1), Then tilt up the further end of one of tht‘ h ugtlis until tlie 
joints tit, and ciuinect them. * 

// the rolling load is to he neglected in making' this adjustment, the 
expression (o) becomes simply — 4, so that tJic mgular opening is 



to be reduced to and tho further i iid «»i',oiu! of the lengths 

tilted up to 3-4ths of the height Nvhich would have b<*eii necessary 
for perfect continuity. ^I'he result is, that the moiii' ids of flexure 
at mid'Sfian and at the piers become <-(jual to each (Wher lor a fixed 
load. This was the nudluul followed at tin* jniu lion ov rr the 
central pier of the llritaniiia ITridge. 

373. KITuct of Wind on Tiibiilsir Cnii'drr««* — Tho ]>r(*.ssui*e oto the 
wind against one side of a tubular girder acts like an uniformly dis- 
tributed load tending to bend it sideways, anil pioducing a bending 
moment and maximum stress whose values jire as follows: — 

Let wf' be the pressure ]ier lineal iiicli of girder, found by 
multiplying the intensity of the pi-essuro of the wind by the dej^th 
of the side of the girder ^ * 
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tMspan; 

bf tfc broad Lh, Injiii centre to centre of tlie vortical sides. 

Aj and A 3 , as heforo, the sectional area of the top and bottom; 

and tJic j(|Jnt sectional area of the sides. 

Tljon tin" gi oatost bending utonient is, 


w- 

M - at the middle for a separate single span girder ; (1.) 


M 


to" 


^ 2 girder continuous over the piers ; ( 2 .) 


and tlie greatest stress is 

= (3.) 

TIkj givaiost prcHsuro of wind ever observed in Britain* was 55 
lbs. on tin! square foot, — J lb. on the square inch. (See p. 2226.) 

.*174. i*ifiin Arched Iron icibM are Usually made of cast iron, but 
wrougljt iron is soinetiines employed. The present ai*tichj is con- 
fin(3d to those iron arches which have not, or do not dejjend for 
their sti/lhess ii])on, diagonal bracing in their sj>andrils, so that the 
disligurenient of each rib is resisted ^either by its own stillness alone, 
oj- by that stillness combined wLh the stilFness of a horizontal 
girder directly above the rib. 

^J’he whole tJjeojy of tlu^ action of a loadc on an arched rib has 
alr(*ady ^ been given in Article 180, pp. 29G to 314, with the 
exception of some cases which have come to the author’s know- 
Jedge since that part of this w-^ork was in tyj)e, aiul which will be 
treated of in this and in some sub.sequent articles. 

Cases in which the arched rib is so braced by means of the 
8 {>andril-framiiig that a sjieciaJ theory is required for them, wdll be 
treated of in the ntxt section. 

neference will now be made to those parts of jireceding articles 
where the formulae to be used in computing the strength of arched 
ribs are to be found. 

I'he usual form of section is the 1 or double T-shape, with ecpial 
Hanges al)»)ve and below, tht‘ thickness of the web being equal, or 
iieaAy equal. The depth (denoted by h in the forniulaj) is not 
generally to be coin])uted by means of a formula, but is to be found, 
either by a s<*ries of trials, or by adopting an emjurical rule, such 
as making it from 1-4 0th to 1-GOth of tlie span. The ratio to be 
used in the formulse for strength and stillness, is to be computed for 


* By the late Lr. Nlcholf at G^gow Observatory. 
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such a section by^tnesftis of the expression in Case IX. of Article 
179, p. 295. ^ 

The neutral axis of the rib should be a j)arabola ; for which, in 
arches of small rise as com] wed with the sjiaii an arc •>f circle 
may be substituted without inatCriaf detriment to the stability ot 
the arch. • 


The rib may be made of tniiAtrth stiff'ness by kicreasin^^ the 
sectional area from tin* crown to tlie in the pro]*A>i*tioii of 

the secant of the inclination, as exp]ainc«i in Article 180, Problem 
If. When the rib is not of uniform atiffi'tvss, Init of uniform 
section., the computation by means of the formui ^ tlii‘ jn-ea of 
Bectlon at the crown oj a- Ab of unifimn sliffnesH oj I he same strentjth, 
and this must be augnient<.‘d in the pr(»portion of the sc'cant of the 
inclinatic^i of the ncMiral axis at the sptinging to radius, in order 
to obtain tlu; unifomi area of section re(]uired for the faojmsed rib 
of uniform section. • 


Case I. — When the i*ib has flat ends linnly l)(‘dded*against im- 
movable skew-backs (as is usually the ense with ca.st iron arches), 
the case is that of Ai’ticle 180, lh*ol>Ieni I V. ; and the first step in 
the calculation is* to compute the quantity denoted by B, by 
means of ecpiatiou 30, ]>. 305, vi/., — 

45r/;a'/<-/ Ifi /-X 
lu-- . p + j. 

Should the skc'w-backs, through the, yiiOding of i>i(‘rH or abut- 
ments, s])read asnrfder wJien the arch is loadetl, the case is that of 
Problem V., and B if* to be computed by means (^f ('(puition 40^ 
j). .308. Tn using this last equation, a sectional .area, Aj. l!hs to bo 
assumed. ^ 

To allovj for tJw straining efects of rise and fall if temperature. 
proceed as follows : — Let t denote the greatest probable deviation 
of the temperature from that at which the bridge is to be ei*(ict(*rl; 
E, the modulus of elasticity of the material ; pQ, the intended mean 
intensity of the greatest thrust at the crown of •the rib; and e, the 
co-efficient of exj^ansion, whose value is 


•0000067 per degree of Fahrenheit, A* 

'0000120 per centigrade degree, 

• 

then, in computing B, by means of equation 30 or equatioTi 40, 
the following additional term is to be introduced into the factor 
within the brackets : — 
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the H\fn I = 4 = boiijf( used according as t denotes | | 

peratnre. 

'J'lio m(.^in inb^^sity of thrust may be unknown; in which 
case a ju-ovisional enleulation file horizontal tlirust and area of 
S(‘cti<-»i 111 list b(‘ iijjide without allowing for the effects of change of 
teiii pern tin e, in order to obtaJii an ajijiroximate \alue of /> q. 

AVheii il has been coniputiid, the next step is to compute, by the 
foniiulie .‘JO, ]i. o07, the proportions and r\ of tlie span wliich 
must be loaded with a rolling load, in order to uvike the thrust 
and tension rtjsjieciively the greatest possible*. 

Should the se.ctional area be fixed, the gmatest tlirust ami the 
greatest tension p\^ are then to lx* comjmted by means of equations 
117 and IbS resjiectively, p*o(»7. * 

Should tlu5 sectional area have to be, tixtid by conqaitation, 
transpose, in iliesi* ecpialions, tlu* symbols A and p; they then 
lu'come formula* for computing the sectional area, if the greati*st 
safe working thrust and tension re.s]M‘ctiv(‘ly be put for p, and 2 * 1 '} 
and tlic yrealfir of tin* two values of is to be adopted for the area 
at the crown of a i*ih oi' uniform stillness. 

'/.’(> find tlie total* horizontal thrust 11 wJien the stress is greatest, 
use equation 31, ]). 3(J(i. Tlie quantity in the expression (1) above 
lias for its value IJ 4 Aj. ^ 

The greatest total hoi izontal thiust is found by making 1. 

The aj»])roximato fuiMiuihe, 37 a, 38 a, j>. 307, and 31 h, 33 b, 
37 B, 38 b, p. 3j)8, may lx* used in the cases tliere explained. 

CaseTI. — AV hcii tin* rib is fixetl at the crown io a horizontal 
girder^ see IVoblcau Vi II., ])p. 313, .'ll 4. 

Case ITl. — The rib may be vertically hhujed at the endsj by 
ftaviiig tlu'in roundtMl, and su[)]u)rl<‘il by hollow cyliiulrioal bear- 
ings, so that they ve.semble trunnions or journals. Tins ease falls 
under Problem VI.; and the lirst stej» in the calculation is to 
comjmte the valuc' of the quantity C by means of equation ol, 
p. 310. 

To allow foj- the etfect of tdianges of temperature, introduce 
into the factor- of C n ithin the brackets, v.ie expression (1) of this 
Article, already exidained. ,* 

The most severe stri'ss occurs very n(*arly^ wlieii one half of the 
epaiiMs loaded. Und(*r that comlition, 

find the total liorizontal thrust H, use equation 52 a, p. 
311; 

To find the greatest moment of flexure M', use equation 57 A, 
p. 312; 
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To find tho greatest intensity of stress if the sectional haa 
lK*eij fixed, use equation oS, p. 311 ; • 

To find the required sectional area at the crown, make - the 
greatest safe working intensity of thrust; and use •'the follow- 
in" formula: — • • 




1 /M 


.'{■ 2 .) 


In Cases I., II., and 111., to find the tfrtfiiest dtdeclwn, s(‘t‘ IVohlem 
VJl., pp. 312, 313. 

Case 1V \ — Rib hing&l at the crown and at fto r.tds.- -The lung- 
ing of the ril) at the c^own, as W4*ll as at tlu' i nds, has been ])ro- 
posed by M. Mantion (Atntafen drs Poyita el Chaifsscctt^ liSfil), but 
has never yet been extjeni.ed. I'his mdde of eonstniction would 
have tho great advant;ige of annulling t.he straining ellect both of 
changes of temporatun', and of the yielding of the piefs. Tho 
fiirmulaefor computing the great(‘st stress in this case are dednciblo 
from those of. Problem VI., pj). 311, 312, by making C = 0; and 
they are as follows: — 

Let / be the span I .. .i . i i- • • i * 

t ,, . ' of tho neutral line in niches ; 

A?, tjjie rise j 

iC'Qf tho lix<Hl load per Iint‘al horizontal inch ; 
tOj the. rolling load per lii cal horizontal inch; 

• 

then the greatest intensity of stress occurs wIkmi one half of the rib 
is loaded with the rolling load; and in that c(»ndilion tJtie total 
horizontal thrust is. 



the greatest moment of llexiire, which acts downwarils on the 
loaded half and upwards on the* unloaded half of* the rib, js 


M'- 


/-• /'i 

(i*! 


M.) 


the greatest intensity of tliru?t occurs at the out it fia,nge«)f tho 
loaded and the inner flange of the unloaded half of the rib, anil has 
the following value : — 


'■■-i-.Ct* “) “ 8A, { r”/. * 1. ("’•* 1) } : ••■<=■> 

and the greatest intensity oj tension, if any, occurs at the inner 
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flange^f the londtvl and outer flange of the unloaded rib, and h.as 
the foSowing value : — 




\,\}}h %Af\Sqh 




I'o ynopoi-tjon tlie depth the rib h to its vise k, so that the 
gr<*;dest tension may bear any given ratio to tlic greatest thrust, 
make, 

qh^ w Vx-V\. -V ■ 

k 8 + 4 -w Py '^ ‘P \ ^ ’ 

(for the value of as before, see Artichi IVO, Case XI., p. 295.) 

The greatest total horizoyital thrvst occurs when the rib is loaded 
over its whole span; an<l its amount is, 

( 8 .) 


In many of the older exan)])les of cast iron arched bridges, the 
rib.s consist of a large number of small cast iron open-work 
panelled frames, acting as von.ssoirs, ami bolted, dowelled, or otlier- 
wise coniujoted together; but this mode of construction is deficient 
iji strength and stability; and in later and better examples the 
rib.s are made in as few and as long pieces as is practicable, and 
those are made to abut firmly and accurately against each otJier at 
])]aned surfaces, and ari^ connected by mean*? of transverse flang(*3 
and boles. In cast iron arches of im>derate sjzo each rib usuaily 
consists of two lengths only, bolted together at the crown. In 
Southwark J3i-idgo tlie ribs consi.st of pieces of 20 feet in length, 
whose ends abut, not directly against each other, but against 
transverse plates, which serve to bind the several parallel ribs of 
the biidge together crosswise, and through which the flanges of 
the lengths of therribs are bolted together. In the Westminster 
Uridge .each rib coiisist.s of live pieces, the side pieces being ol 
cast iron, and the middhj pic.ee of wrought iron. 

The subject of iron arched ribs wir be further considered in 
treating of braced iron a/rches in the next section. 

'riie Tower ihidgii across the Uiver Thames below London 
Bridge is a structure comsisting partly of su.spension and partly of 
girder design. The essential features are two large towers in the 
river from which chains pass to the shore where they are anchored 
to girders embedded in concrete. A high level girder foot bridge, 
near the top of the towers, about 140 feet above high-water mark, 
serves to connect the towers, and through the medium of stairs and 
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hydraulic hoists serves to maintain the cross river coni^nunica- 
tion when the low level roadway is opened for the passage of 
vessels. 

This part of the bridge consist j of two gr^at platftirms free to 
rise and fail like the lialves <5f a^ii ordinary canal bridg«», being 
binged at their ends next the great towers. The length ^f the 
bridge is 940 feet, which is mainly made up as •follows ; — Two 
shore spans, each of 1270 feet; one centre or opening span of 200 
feet, and the widths of the twn eer.tnfi towers wdiich are each 70 
feet. 

The width is 60 feet. The towers are »i‘elwoik resting on 
piers of brickwork on ^ foundation of Portland cement concrete. 

The chains arc formed of girder pattern so as to ensure rigidity 
under unequal loading Provision is nfade for movements due to 
expansion and contraction, both at the points of connection of the 
suspension s])ans with the fixed masonry and elsewhoPe. The 
opening span is of special interest as the nuivable halves of the 
span each weigh fully 1,000 tons. Transverse girders serve to 
divide the main girders of the bascules cr oi>ening span upon which 
buckled plates are fixed. The roadway is ])av^»d with j)ine blocks 
grouted with asphalt. 

The centre of gravity of each of these movabh* s])an8 rests 
upon a solid steel forging, 21 inches diameter, serving as a centre 
of motion. 

The steel used -was limited to 27 tons tensile strength, and the 
working stress allow<*d in the calculations was G tons per square 
inch. 

Hydraulic macbiiierj is used for the working of the bascules 
and for the passenger hoists yi the towers. The water preHsur 4 *, 
700 lbs., is obtained from two compound engines of 360 l.H. P. 
each. 

(See Minutes Proceedings InsL C,E., voJs. cxiii., exxi., and 
cxxvii.) • 

The East River Bridge, New York, is on the suspension prin- 
ciple, having a main span of 1,595 'feet G incheg. There are 4 
cables, each of which contains 5,296 parallel galvanised steel oil- 
coated wires, wrapped togetj^er, making a cylinder 15 J inches 
diameter. The ultimate strength of such a cable is estiinUted at 
12,200 tons. The height of towers above high water is 27tf feet, 
giving a clear height at centre of span, at 90” Fah., of 135 feet. 

The Forth Bridge, erected at Queensferry, has two main spans 
of 1,700 feet each, and is constructed of steel, on the bracket 
system, having a central intermediate girder, over 300 feet long, 
in each main span, resting on the ends of the triangular-shaped 

• 2 N 
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bi‘ackut|^ or cantiJ«;\cr>. Tlio height of at centre of span 

above wjitcjr is 1.00 feet (See also p. 801.) 

TJic iJouro Bridge, near Oporto, iS the largest example of an 
arch-rib bridge yet .eoii.striicted, the central .span being .020 feet, 
uiid the weight of iron in the afcli fllone 004 tons. 

The, Kijigara Cantilever Railway Bridge is 910 feet long, the 
two ciuitilevertf being 39.5 feet»*each, anrl the intermediate span 120 
ftjot. 'flu! towers are eons true ted of braced work, 130 feet high, 
and lest on masonry piers 39 leet high. The depth of the Canti- 
lever truss over the towers is 5(> feet ; at shore* end 21 feet, and at 
river i‘inl 26 feet. The trusses are 18 feet aj>ai*t. Factor of 
safety .5. Steel and iron are used in the construction. 

A bridge of stiintjwhat jieculiar construction has recently been 
coiistruiitcd at Pittsburgh, 'in America, ‘'fhe main feature consists 
in two large tvussi's of 360 fc‘ct span c‘acli. 'fhese trusses are some- 
what of ilie l>o« string )i.itu*rn, only the lower UH*niber is curved, 
both to]i am«i hottom members being arcs of ciides. The depth of 
trusses at centre is .50 feet. The upper nunnlxu* consists of four 
steel plate.s, about 1 foot deep, stiffened by 4x4 angles. The 
lower iiu'inber is c»)nipo.sed of bars, about 28 feet long. The whole 
truss is divided into 11 bays or panels by vertical pieces and 
cross-bracing. 'Idle <m<is of eaeh 1»*uhs are fastened to the top of a 
pillar 29 I'eet above top of piers. The roadw.'iy is carried by «us- 
jieiiders from tlie main trusses, the lower part t)f which just touches 
the roadway at centre of span. »Steel jilates were mainly used in 
the eonstructii'u, as also steel rivets and pins for connections. 
'The quality of the steel used was, for compression members, 
ultimate stiength from 80,000 to 90,1)00 Ihs. per square inch, with 
.(/i elast.ic limit of from 50,000 to 5D,000 lbs. jier square inch. For 
t(‘nsion members, ultimate str<*,iigth from 70,000 to 80,000 lbs. per 
square inch, with an elastic limit of 45,000 to 50,000 lbs. per 
square inch. From exj>eriin(‘iit it appeared that the loss of strength 
I'ound the rivet Jioies, due to punching, was partly restored by the 
annealing ellbct of the Imt rivets, so that any special reaming of 
the holes was disjiensed wuIk* 

' Section 1Y. — 0/ Iron Frames. 

375. Iron PintforuiN. — A platform in which timber planking is 
supported by iron girders, or girders and joists, requires no remarks 
beyond those which have already been made in Article 336, pp. 
465 to 468, regaid being had to the difference of the material of 
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the joists. As to the weight of ])ljitk)rms with tJieir l<|ids, see 
p. 46(i. 

As to the distribution of tht^ load of tlie platform of a railway 
bri<lge amongst the girders, see Article o-ll, pi4 475 tcf 477. 

Iron may be used as the covering; of a plati'orm in vai’ioiis forms. 

1. The 'jjiirlow Bad iaagooil form of secLion for suppoHiifg very 
heavy loads. (See fig. lioO, [>. nlii; also ArtieUf 3G(>, K.>:ample 
XIL, ]). 5J3.) When proportioned as dire<*ted in the c*xam]>l6 
cited (that is to sav, tliti sectional ar»a ot tlic table - the joint 
area of the qiiadiantal wings x '-To), it luis the following ])ro- 
perties : 

Let H be the radius of the qnadrautal \vii*gs measured to tJiu 
middle of tln-ir thickness, 
tindr thickness, then; 

yectionaJ area of Barlow Bail 4 B t v('ry nearly; • \ 

The neutral axis is near! \ at tin; middle (d thiMlcplh; and ( ^ ^ 

Breaking moment- B x area f B- nearly; j 

bedng the modidns t)f rnpLure by cjaisliing orjmeklmg ot tluj top 
tabloi or ])rol>ably from o(),000 to 35,000 lbs. |)(‘r Mjiiare inch. 

IT Corrugated Trou should be so supported that tlio lamding 
action of tluJ ]oa<l rakes ]>lace in a |)lane parallel to the ridg(“s and 
furrows. Iron laths shoidd .^e riv'i‘tti*d a(‘ross IIm‘ ridge.s and 
furrows to pn‘NeRt them from sjireading. l’hes(‘ may Ik? at dis- 
tances a])art ecpial to^idjout twice tluj brea<llli ot ilw* corrugations. 

Let 6 denote tin* breadth of a sheet n{‘ corrugat(‘d iron, h the 
dej)th from ridge to fip’row'; t, tin? virfuul, f/itr/ctuuss in inches 
weight in lbs. per square foot of horizontal projection rr 40, theq^ 

4 

breaking moment = ^ 

L(!ast modulus of rn]»tui'«;, / = 34,3tR> Ihs. nr) rhe siprarc inch, by 
31r. HaiVs experiments. (.See p. ) 

4 1 f ^ AIuiHV‘iU oj the un. a / l(iCc,*—\\ lien a rect- 

angular [date is siqiported on two juirallel (!<lges, the bending 
moment exei-tcd by a load f>laced iqion it is tlie same ;rs that 
exerted by the. same load on a beam of the same .span. • 

When a rectangular plate is firmly siqiported at all its tour 
edges by joists and girder.s, the bending moment i.s dimini.shed. It 
the plate is square, the bending moments exert(‘d in planes [larallel 
to its two dimensions are equal to each oilie.r; it it is oblong, the 
greatest bending moment is exerted in a plane j>arallel co the 
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breadth^ or lessor dinionsioii of the plate, the tendency being to 
split it lengtliwiscj at the middle of its breadth. 

The following formulae are founde 1 on a theory which is only 
approximately true, hut wJiich nevertheless may be considered to 
involve no ei'n»r of jiractical importance: — 

Jjct W deiiop' the total load. 

/, tlie length of the jdate, between the supports of its ends. 
by its breadth, between the su 2 )ports of its side edges. 

M, the greatest bending moment. 


Case I. — S({uare plate, load uniformly distributed; 

W h 

lb"”' 




.(a.) 


Case H — S(juare plate, load collected in the centre; 


(4.) 

0a 9B [II. — Oblt^ig fJato, load niiifoimly distiibuted ; 

^*"8 (/‘-I b*} 

Casi5 IV. — Oblong plate, load collected in thc centre; I less than 
M9 6; 

^^■’‘8(/‘+My 

Case V. — Oblong jilate, load collected in the centre, I equal to 
or greater than 1'19 5; 

= (7.) 

being the same as for a plate supported at the »ide edges only. 

Case V f. — Circular plate, of the diamett. 5, supported all round 
the edge, load uniformly distributed * 

W6 

M = -: =-053 W5 (8.) 

Case VII. — Circular plate, load collected in the centre; 

169 W 6 (9.) 

J T 
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{flooring plates — BUCKLED PLATES. 

TV. Cast Tron Flooring Plates . — The breaking moment if these 
plates is to be made greater than tlie bending moment of the 
working load in the ratio of a suitable factor of safety (such as 
six). They should be strengtheiu^l by meaiij^ of vercical ribs or 
feathers on the upper side; and then the moment of resj^tanco 
njay be computed as for a tnjugh diaped or J[>shaped girder. 
(Article 3G7, p. 52 L; Article 1(13, ]>|^. 204, 2G5.) 

V, Buckled Wrought Iron Plates ((\w in\ eiilion of ]\lr. JMallet) are 
plates of various ligurcs (iLsually square or oblong), haAu’ng a slight 
convexity in the middle, and a Hat rim round il. edge, called the 
“fillet;” and arc the best form ye,t devise<l Ibi Hi- iron covering of 
a platform. 'Phoy arc uisnally placed so that the convex ])aiti is 
com])ressed, and the. Hat tillet strctchej, .ind when tiny give way 
under an excessive load, it is usually by the. crushing or crip]>ling 
of the convex part. , 

Let I be the length of that section of a buckled plaU* at which 
the greatest bending moment is exerte.d (accoj ding to the principle 
stated at the beginning of Division TTT. of this Article, p. 513); 4, 
the. depth of curvature at the c<*ntre of the ]»lati‘; its thickness, 
all in inches. I’lnai the moment of resistance m m‘arly 

(JO.) 

• 

being a modulus of rupture by (a*ushing or crippling tln^ ])late at 
its crown or most coi^vex pare. J^'roni [uiblLlied j>;sulls of experi- 
ment, it appears that f(»r a ])late 3() inches squai (‘., incluTliiig the 
Hllet, which is 2 inches broad, with a curvature of 1'75 inch, and 
^ inch thick, made fa.st*all rouml the edgi\s, the (irushing hmd dis- 
tributed over the plate is about 18 tons; wluMice, according to 
I., 

= 2i,GU0 lbs. pia* square inch nearly. 

• 

This co-eflicient, like that ex]u*cs.sing the ic.-islanco of wrought 
iron struts to crushing (see .Artich* 3tj(>, ]». 5'J2j equation 1), 
probably varies with the ]u*o])ortion of the lhickn(‘sT> of the plate to 
its breadth, having for its inaxiniiim value 30,000; but suHicient 
ex])criments have not yet ImVui publi.slu'd to show the law of its 
variation precisely. According to the table of safe loacte for 
buckled plates 3 feet square, published by the inventor, the safe 
load varies ncai-ly as the square of the thickness; this would make 
the co-ellicient vary nearly iji the simj>le ratio ol' the thickness 
for plates of equal breadth, and of proportionate tliick nesses, within 
the limits of those mentioned in the table, which are *048 inch and 
•375 inch. The factor of sa|ety adopted being 4 for a steady load, 
and 6 for a moving load, the s:ife loads given in the table ibr a 
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[)late 3 feet square, | incli thick, and witli I T') inch of curvature, 
are 4*5 tons for a st(\idy load, and 3 tons for a moving load. The 
buckled ])lat<‘s used by Mr. Page for tlie idatform of the New 
WestnnnsleV Jh idgs* measure 84 inches by 3G, witli a curvature of 
inelies, and tliickness of ;i^*incTli; they bear 17 tons on the 
ccntio'w ithcMit giving Av.ay. According to Case V., this corresponds 
toainaxiiniim thrust at the coi^ex part of 17,920 Ihs. per square inch. 

'riio sriu'ire form of buckled plates, supported and fastened at all 
th(; tour edges, is tin* most Tavonrnble to strength. 

370. ii-€>n iCoof'<«. — An iron roof may either be nijde entirely of 
iron, or the framework may be of iron and tlu* cov^ering of some 
other material. As to the construction and weaglit of various .sorts 
of covering for roofs, see Artiehi 3.37, n. 468. To the sorts of 
covering th(ir(i dc'scribe.d th(‘rc‘ may now be added buckled iron 
jdates, already di‘scrib(Ml in the last article; the thicknesses suited for 
roofing being from I -201b io 1 10th of an ineh. 

The franuKvork of iron roof's consists of parts analogous to those 
already descriluMl in tieating of fbe framework of timber roofs in 
Articles 3.38, 3.3!), pp. 469 to 47.>, with the exception, that in 
roofs covered wilh sheet iron, wdadhia* jilain, corrugated, or 
l)uckled, the “common ra rim’s” arc unnecessary; the covering 
being suppo»*tod on horizontal 3’-iron or angle iron bars, wdiicli act 
as laths or as purliihs, and which are themselves supported on the 
]iriiicii)al raffers. 33iosc pvimapal i afters, and the trusses to which 
they belong, arc; phiec'd at regular distances of frhni 2 feet 6 inchc.s 
to 7 feet; at>art; the avc*ragc‘ (listaneo is about o feet. 

33ie general dc'sigiis of those frames or trusses are analogous to 
those used in timber roofs; and in the computation of the thrusts 
acd pulls along the several }>iec(;s, tli^' same; f'oi-mula^ are ap]»licable. 
(See Article 339, pp. 4G9 to 47o.) In iron roof trusses, however, 
there is seldom a tle-benni: the principal tie being usually a single 
rod, sui)porte(l at one or more points, and having no transverse 
load exc('])t its own weight b(;tweeii the sn 2 )|)orLod ])oints. 

7'o th(^ examples of roof trusses given in Ai'ticlo 339, may be 
added the follovi ing, wliich illusi rates a kind of secondary trussing 
peculiar to ii'ou roofs as distinguished from timber roofs: — 1 2 3 is 


f 
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the primarij triissj cons*isting of fhe two rafters 1 2, 1 3, and the 
principal tie-rod 2 3. 'To find the stresses on its pieces, conceive 
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h/alf the weight of a division of tlie roof to be concentrated at the 
point 1, and proceed as in Article 339, Case 1., p. 4C9. 

1 3 4 is a secondary/ i^'uss, snppoi-ting the middle point 5 of the 
rafter by the aid of the strut-brace 4 o. Conceive oiie quarter of tlie 
weight of a division of tlie Voof to be concentrated at 5, and 
])iocecd as in Article 119, ligs. 102, 103, p. lt'2. • 

5 6 3, 1 7 5, are srnnller secnndarjf^trusscs, ainiihif to 1 3 4, but of 
half the dimensions, and each sustaining ove-ehjidh of the weight of 
a division of th(‘ i-oof. • 

The points of su))port of the raftc'r io:i\ 'hes be multijdied to 
any requii’cd extent. 

The total or vesnltapt stress on each )>ortioii of each bai* of the 
truss is to b(* determined by the aid of the principle of Article 121, 
p. 184. • 

Thus the pull on the middle division of the great tie-rod is 
simply that due to the primary Truss, 1 2 3. The ])ul*on 4 7 is 
sim]»ly that due to th(‘ si'condary truss 1 4 3. 'I’ht* pulls on 5 7 and 
f) 6 are simply those due to the smaller secondary ti usses 1 5 7, 5 0 3. 
The pull on 1 7 is the sum of those duo to the trusses 1 4 3 and 1 7 5. 
The pull on 6 4 is tlie sum of those* duo to the trusses 12 3 and 1 4 3. 
The ])ull on (> 3 is the sum of those due to tlu*ti nss(‘.s 1 2 3, 1 4 3, 
and 5 6 3. The thrust on each of the four ilivisions of the rafter 1 3 
is the sum of thre<* thrusts, <lne to the primary truss, the larger 
secondary truss, and one of^tlu* snialliT secondary trusses i*c- 
spectively. • 

As to the effect pf cmiiherimj ike principal bi’acing it up 

♦■o the top of the truss, see Article 119, fig. 100, p. 181. • 

111 the const r action of iron roof-trmsps tlu^ raftc'rs are usually 
made of T-shafied or tl-shajxid iron bars, and the struts of T-iron 
or angle iron bars, or any convenii'iit form for resisting thrust. 
As to the strength of struts of these and other figures, sec Article 
3()0, pj). 521 to 524. The divisions of a i-after, and also the 
stmts, may be considered as hinged at die ends. Jfor tbe 
struts, cast iron is sometimes (*mployed. (^S(,‘e Ai’ticle 3(i5, p. 
520.) The smaller ties are usually round or S(piare rods; the 
larger ties are sometimes flat bars set on edge! Tlie foot of a 
rafter may be connected witli the end of the great tie-bar by a gib 
and key traversing an oblong slot (Article 361, p. 516)^; or the 
foot of the rafter may abut into a cast irem shoe, to which Uhe tie- 
rod may be fastened by a key, a pin, or a screw and nut. (Article 
362, p. 516.) The oblique and vertical ties, or sus]iending-pieces, 
genoi*a.]ly have gait's or forks at their upper ends, where they arc bung 
from the raftere by means of pins, and screws at their lower ends, 
where they are connected with the struts ami with the great tie-bar 
by means of pinching nutsi A centrai vorticjil auspending-rod is 
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called a* “ king-bolt;” lat(‘ral vertical su.spt^nding-rods arc called 

queen-bolts.” 

A roof niny have arched iron ribs instead of rafters. As to 
their stronglli, see Article 374, pp. 537 to 542. As to the stress 
on a seinicirenlar rib, see the fofinidte for such ribs when made of 
timber. Article 345, pp. 481, 482. 

A sim])le an.l light rofd* bv; moderate .spans is made; bv using 
beiit .sheets o4‘ corrugated iron so as to act at once as a covering and 
an arch, the thrust a.t the fe .)t being re.si.st(‘d by horizontal tie-rods. 
As to the .strength of corrugated iron, .see Artich 375, p. 54.3. 

377. iron lirnerd ijirdriM— «2«‘urrnl lirNlttii. — Iron tru.sses or 
braced girders are analogous, in their figure and in the acHon of 
the load uj)on them, to the timlK‘r “bridge tr*u.s.ses” already described 
in Article 341, ]). 475, and i:h(‘ same form.tlai an; to a great extent 
applicable to both. Tin* ehitd* dilferences are, that pieces which 
act alt(*iTiafely as struts and as ti(;s are moi*e frequently found in 
iron than in. timber trn.ss(‘s; and that in iron tru.sses figures 
frc(|U(‘ntly occur which !*esemhle those nf tinduM* tnis.si's inverted, 
so that tin; ti(‘s become struts and the struts tie.s. 

For the di.stribution r»f tin* load amongst a set of parallel bridge- 
girders, .see ])p. 475 to 477. 

The followijjg an; oxarnjile.s of tin; general designs of iron braced 
gii’ders : — 

I. Triangidar Trusa. — (8(*e fig. 252.) 33ns exactly resembles 
^ ^ the triangular tiinbov truss, fig. 207, 

“ ]). 170, inverted ;,B B being a strut, 

.siqqiorted in the middle by the strut 
/ D, and the tie-rods A and C. Tlie 

Fig. 252. pieces may be 

cohijiuteil by means of the formuhe I, p. 470, .sub.stituting tlirust 
for tension, and teusion for thrust. 

If each of the divisions, B, B, of the horizontal .stioit acts also 
iis a tom, su])])orting a. <listrihuted load, the grcate.st intensity of 
thrust ainong.st its jiartichvs is to he conqmlcd hy the formula 
(already given for archeil ribs), 



in which IT is the horizontal thrust, computed as in p. 470; 
jM, the heuding ummeiit; 

A, the .sectional area of the strut B B; 

A, its depth; 

qy a factor d('p, ending on its figure, as to which, see 
Article 170, p. 20-5 
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By transposing j) and A in ecpiafcion 1, above, it bcco^ncs u 
forninla for coinpiiting the re(|iiircd sectional area, being made 
equal to the gi*eatesfc working thrust per square ineli. 

Tl. Trapezoidal Trvss . — (See iig^ Ho'i.) Tl«s n\s«'biblef tlie 
trapezoidal timber truss, iig. 20lT, p. 470, inverted; B J3 B being 
a Ijoi'izontal strut, sup])ortetl by ^ * 

vortical struts K, K; A, F, and ^ 

C, are the jjriucipal tics ; G, O, 
tie-braces, which act only when 
the 2 >oiTits 5 and 0 are iin(‘(|u.‘illy 
loaded. 

The greatest stress (n tlie ])rinci])al pieces talo's place when 
both points 5 and tl an; I’uUy loaded. 

Let W denote the greatest load on 4*ach of llu'sc points (in- 
eluding one-qnarler ol Ihc weight ot the truss itself); 
c, the half-span of the truss; • 

aj, tin* distance of (‘ach of tJie points 0 and (i from the middle 
of (he s]>an; 

kf the d(;pl.h of tin; (russ, measured JVoin (lu‘ centrci of the 
horizontal strut B B l» to the ceu(rt‘*of the Jiorizontal 
tie F; 

H, the total thrust along B B B, and total t(Misiou along F; 
T, the total tension on (^ch of tin; iiieliiied ties. A, 
tluMi • 

II T- J (IT^ + ..(L>.) 

To find the greatest amount of tension, S, on cacli of the 
diagonal braces, G, G, let W' bo the yreatetit excess of the load on 
either of the points, 5, 0, abovt? the load on the other jioint; thei* 
(as in equation 4, ]). 477), 





'^ + 1 .^. 


■ (^O 


G being the weight of one of the braces' • 

TIkj greatest thrust on each of the vertical struts K, K, is given 
by the expression, 


V = \V'-„ 4 K 4-G; 

2 c 4 




in wliich B denotes the weight of the horizontal strut B B B, and 
K that of the upright itself. 

III. Ziy-zag Truss^ or Warren Girder. —This girder consists of 
upper and lower horizontal booms, the roriTier of which acte as a 
strut, and the latter as a tie, ifi res sting the bending action of J»h© 
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load; *of a series of dijigoiial braces forming a zig-zag, which resist 
the shearing action of the load ]>y thrust and tension alternately ; 

and in some cases of a series 
of vertical suspend ing-rods to 
hang cross-joists from the upper 
row of joints, such as 1, 3, »5, 
N - 1, in tig. 255. 

Fig. 254 represents the gene- 
nil design of a Warren girder 
suited for Huj:)porting a platform above it, at the points marked 
with the even numi)ers, 2, 4, 6, &c. (as in the Crumlin Viaduct, 
fig. 228, p. 404). Fig. 255 re[)rcsonts the general design of a 
Warren girder suited for supporting aj",erii^s of cross-joists below 
it, hung from all the joints, I, 2, 3, 4, 5, 6, itc., N — 1. 

The actions of the load on this girflcr are computed by the 
method already explained in Article 1(50, pp. 230 to 243, as ap- 
plied to a b(iam load(‘d at d(‘tn<*hed points. Whim every joint is 



/ .9 s 
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Fig. 266. 

equally loaded (as in fig. 25.5), the formula for the bending moment 
at any cross-section is that of Article 1(51, Qase VIII., p. 247. In 
compui lng the shearing force, r(*gard mnst be had to the action of 
a travelling load, as (‘xplained in Article 1(51, Case TX., pp. 247, 
248. 

TJie most convenient method oi coin])uting the stress on each 
piece of a Warren girdia* is by means of a sia-ics of additions and 
subtractions, goneial foimula) being only used to cheek the ac- 
curacy of the resuHs. 

The -first ntej> is to number all the joints of the girder, as in the 
figures, designating one of the j)oints of sujiport as 0, and the 
other as N ; being the number (always even) of equal horizontal 
divisioinj into wliicli those joints divide the s])an. Let n denote 
the number affixed to any particular joint ; 

1; the span of the girder; 

/e, its dtqith, from centre to centre of the lionzorital booms; 

9, the length of each diagonal brnr-e; 

the suearing a j Lion at a crosi^-section between the joints n 
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and n + I ; thus, Fq is the shearing action between 0 ^nd 1 ; 
Fj, between 1 and '2, 

n„, tlie pull or thrust, as ihe case may be, upon that piece of a 
horizontal boom which lies between the joi^jts n - l*and 7i + \\ 
that is, opposite the joint fo# cxani])le, H, is the tension on 
0 '2 in tig. or the tlirust on 0 2 ”n lig. 204 ; IJ^ is the iftrust 
on 1 3 in fig. 2oo, or the tension I 3 in lig. 2^4; and so on. 

The most severe bonding action at eaeli cro^s-section takes j)lace 
when the girder is loaded over tin* wlnile s]»an ; the most severe 
ehearing action at any given cTO.ss-S(*eli(»n, v lx ii i.) ^ larger segment 
of the span is loaded and the shorte?- nnlo.idid; tlierelore the 
former supposition must be made in computing tin* sirt'ss t)n the 
horizontal hooms, and the latter in computing the stress on the 
diagonal biuce.s. • 

Two cas(;s maybe di.stingni.^lied ; that, of tig in wliidi the 

load is applied at every joint, and that of tig. 2^)1, in wHich the 
load is a])plied at the joints marked even nnnibers only. 

The former, though tlu^ more eotnidc'x in const met ion, is tlie 
simpler in calculation, and is therefore lakiMi lirst. 

Cask T. — Each joint hmled. lAd tljc li\ed jKirt of the load on 
each joint be w, tin* rolling j)art w/; so that 

W (la + ?//) (X - 1), (4.) 

is the full lo*ad of the girdei*. <. 

Tojiml the Horizontal Sfrcsse,<, 

Compute the su]>porting pressnrt' (I'q) at eadi of the foints 0 
and N by taking half the lull load ; that is l(^ say, 

l‘o= V =-Tw + w)' . .(•').) 

Then compute the tirst term, and by successive subtractions of 

I • . . 

the quantity (i0 4- to'), all the other terms, of the following series, 

which is that of tht; slu'ariug actions,* each Tuiilti plied hy the ratio 
of the length of one horizontal division of the sp.in to the depth of 
the girder. » 

^ F- 

N k TO ■ N * ' 

&C. = <fec. • 
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Then the aeries of iion’zontal atrea.s<*s on the several divisions 
of the booms are to be comjmted by successive additions^ as 
follows : — 


H,= 


Nit 




n,=ij, 


i 

■^NX- 


F • 



»2 


I 

N A- 




ttc. - <fec. 


( 7 .) 


Th(^ tost of t.h(5 ncciiruoy of this sories^bf calculations is, that for 
the niid<llii horizontal |)i(‘co, wlioso, number is N -■ 2, it should give a 
result agreeing with that of the Icdlowing forniiila: — 



9 


N/ 

8/(- 


(//; + w'). 


(«•) 


1'his is tl)e maximum \alue of Jl, which has equal values for 
pieces equally distant from the middh^ ])ioco. 

Tlie value of H for any parlieular piece whose number is w may 
be tested, if re(piii*ed, by tlui f<>llowing formula: — 



. • . n (N - n) 

{iv + w)- --^-g \ 


( 9 .) 


To jtnd the Diagomd Stresses due to the fixed 'part of the Load. 

Ijct the stress ])rodueed by the iix('d j)art of the load on the 
di agonal brace wliieh lies betweeii the joints 'n. and n 4- 1 be 
denoted by T„. This will be a puli or a thi-ust alternately, ac- 
cording as the brace in question slopes downwards or upwards 
towards the middle of the span. The values of this stress are 
computed by a series of subtractions of the constant difterence 

as follows ; — 


T 1 

- /c 2 » 


Ti 


= To- 


s w 


rn rn ^ 


( 10 .) 
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and the accuracy of tlie calculations is tested by the nile, tl^at for 
the braces adjomiug the middle joint of the girder, tlic result 
should he s k. 


To jvnd the Diagonal Stresses dne to the roll hi g part of the Load. 

Tliesc stresses are proportional to the sta les of “ trian/jidilar 
nuiubei’s,” 0, 1, 3, 6, 10, \\hicli rt Mill the >3uccessive ad- 
dition of the natural uumhers, 1, 2, I, itc. ; and tht‘y are to bv 
computed as follows: — J3y successive additions of tluj common. 

difference form the following aritUnx t i-mI >eries, containing 

N — 1 terms, 


8 id s IV , S IV , (N-l)s 7 y 

Nr *"• • • •* N/:. > 


the accuracy of the additions being tested by the dir»'ct coi.t|t\itation 
of the last tenn of the series. Then compute th(‘ folh^wing series 
of N stresses, by beginning with 0, and adding successively the 
terms of the prectiding sei ii's ; 


^0 ~ ^ > 
Q 


.S' . 


( 12 .) 


&<;. iVc. 


and test the accuracy of *the calculation by the direct computation 
of the last term, viz. : — * ^ 


S„. 


_ (N -1) s w' 
2 k 


.( 12 .) 


Divide this series of N terms into two halves, and range the 
terms of the second half beside those of the lirst half in inverted 
order; thus 

Sq — I 


&c ^ &c. 


,(U.) 
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Th^ri for any givi‘ii diagonal, whose nunibcr is n (that is, which 
lies between the joints u and n + 1), the quant ity corresponding to that 
number in tlje hist column (S„) will* be tlie greatest stress produced 
by the rolling load, of the coiiJbra/iryldnd (thrust or pull), to that pro- 
duced by tlni lixeu load; and •thew quantity in the same line of the 
seeq’id column 'viH be the greatest stress produced by the 

rolling loa<l, of the saim with that j^roduced by the fixed load. 

To find the y reatest resultant Stress on each Diagomd Brace, 

(I.) Koi- the liraces which slo])e upwards tuNvords the middle of 
the span, take the sum of the stress due to the fixed load, and the 
gi‘(*jii.('st stress of the saim kind due to the rolling load, as expressed 
byMhc formula, 

<T.. (15.) 

the ri'sult will bo the most sovtjre stress, and will bo a thrust. 

(2.) lA>r the briieos wdiirh slope, dinmtwards towards the middle 
ot‘ th(< spafi, make the sann; calculation; the n'sult will be the 
greatest stress, and will be tensio/t. 

But when a picc(‘ of wrought iron is (exposed alternately to 
tension and thrusl| the tln ust, although less than the tension, may 
be more serere, on account of the smalh'r cajiacity of the nmtcjrial 
for resisting it. To ascertain whetlna* this is the case for any parti- 
cular brace slo])ing downwards towards the luiddh? of the sjian, 
compare the tension produced by I lie fix(‘d load (T„) with the 
greatest thrust pi’oduced by the rolling load (S„); and if the latter is 
the greater, the excess 

H.-T ( 16 .) 

k 

^ill 1 )e the greatest thrust to be boj;ne by the brace in question. 

Case II. — The joints marked with even nu7nhers loaded, the otJwre 
unloaded. In this case the full load is ex])ressed as follows: — 

W = (u; + w')(|-l) (17.) 

To find the llorizontxd Stresses 

compute the Bupjiorting j^ressure at the point 0 as follows : — 

= = (« + «’*) •(?-!) ( 18 ) 

Then compute the following series, of which the terms are equal 
by pairs, each pair being less than the preceding by the difference 
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^ ^ V _Lf 

Wk ' N"* “ N ~ 5r* ”2’ }• o....(l9.) 

<fcc., I'if., ttc% 

Tlie test of tlie accuracy of these calciila Lions is, tliat for the division 
adjoining the middle joint, the result shoilld h«' as follows: — 

w + w' I 

If the middle joint is loaded; that is, if < ven, ^ *57^ 

. . . JST . 

If the middle joint is .inloaded; thaUis, if is odd; 0. 

The series of horizontal stresses are coni|>at(;<l by successive ad- 
ditions, precisely as in Case L, viz. : — ^ 

I’’«; rr,^ii, + j/^.F,; <fcc (2o.) 

The test of tln^ accuracy of this seric's ol‘ ralci^lations is, that for 
the middle horizontal ])i(‘ce it should give a result agreeing with 
that of one or otlior of the following formula" : — 

If N -r 2 is even, 

• 

If N -4- 2 is odd, 

2'o find the Diagonal Stresses, 

the calculations are the same as in ('!a,s(j I., with the following 
modifications : — , 

N . 

Thi-oughout all the calculations, i.s to lie substituted for X, tliat 

JN . 

is to say, the girder is to be treated as having instead of N divisions. 

' N , 

Each of the series (10), (12), has instead of N terms. 

N 

The series (11) has — 1 instead of N — 1 terms. 

If N -e-2 is odd, there will be a middle term in the scries (12); 
and when the second half of the series is ranged in inverted order 
beside the first half, as in the table (14), th&t middle berm is to be 
written at the bottom of each*column. 
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Each of the results denoted by T and S in the series* ( 1 0 ) and 
( 14 ), And by tlicir sums and diiferences in the formulte 15 and 16 , 
applies to a pair of adjacent diagonal braces, one sloping upwards 
and the other downwards towards the middle of the span. Thus 

To, Sn_ appljwto the braces 0 and 1 ; 

T^, S|, ,, ,, „ 2 and 3 ; 

and g(m orally, 

S„, Sx , ap])ly to the braces and 2/1 + 1. 

The ordinary angle of inclination of the braces in i.he Warren 
girder is G 0 °; in which case some labour >f calculation is saved by 
the fact that the length jof a biiicc, s, equal to the distance from 
joint to joint along one of the booms, 2 Z N. 

Example of Case II. — Sup[)ose the design of the girder to be as in 
fig. 25 ^, and to consist of 17 equilateral triangles, so that N — 18 ; 

J- = ^ -=.- 5773 :»; > = 1 - 1547 ; 

N A ^ 3 ' ' 

also let tlie loads each of the points 2 , 4 , 6 , 8 , 10 , 12 , 14 , 16 , be 
respecti vely 

fixed, w= 12,000 lbs. 
rolling, u/ = 18,000 lbs. 

This is nearly the case for a i ail way bridge girder of 160 feet span, 
support! ng hal i* the load of a 1 ine of rails. The supporting pressure is 

Po = (w + M)') • = 1 ^0,000 lbs. 

The following table shows the calculation of the horizoutt 
sti-esses : — 



n 

^ F 
]sr>fc 

II 

Lbs. 

0,18 

f.bs. 

69282-0 

■ ba. 

17320-5 

1,17 

69282-0 

69282-0 thrust 

2,16 

S> 9<*»'5 

138564-0 pull 



51961-3 

190525-5 thrust 

17320 5 

4 »i 4 

34641-0 

^^42487-0 pull 

173205 

5.13 

34641-0 

277 1 28 0 thrust 

6,12 

17320-5 

311769-0 pull 

17320-5 

7 »” 

17320-5 

329089-5 thrust 

8,10 

* 0 

346410-0 pull 


Q 

0 

346410-0 thrust (Middle piece) 
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The vt?rificatioii of the last result is, 

Hg = (w + toO = 20 X 17320-5 = 346410. 

• 

The following are the calculations (-f the stresses on the ifaccs, 
due to the fixed load : — 


To - j = 13850“-1*< 4 - 5.»425-6‘ 


" A: 

\4 'J/ 



s v> 

T 

T 

for \ii 
resnlls i 

;u !o which the 
uc iipjilieahle as 

L\y,. 

Lbs. 

'll.oot 

ImiII. 


5 r) 425 <> 

*1,16 

0,17 

i 38 r)< 5-4 





41569 2 

3 ,t 4 

j 

138^6-4 



• 


27712.8 


4,13 

13856-4 


7,1 0 

• 1 

13856-4 

0 


8,9 


The f(»llowing tuhle sJiow.'} the eah-ulafion of lla' grr'atest stresses 


lodticed hy the 

Z i>' 10 

rolling load 

• 

8 

7i, for hra(‘(»s tr) which ihc 

“N/; 

. 

rc.‘'iilts are 

applicdRle aa 

Lb.s. 

Lbs., 

Lb'^. 

'I’lsnist. 

Pull. 

23094 

23094 

m 0 

23094 

0,17 

2 ,T 5 

i,t6 

2309-4 

46x8-8 

69282 

4^3 

57I2 

2309-4 

6928-2 

13856-4 

6,11 • 

7 ,[o 

23094 

9237-6 

0 23094-0 

8,9 

9,3 

23094 

11547-0 

34641-0 

10,7 

• 

11,^6 

2309-4 

13856-4 

48497-4 


A 3, 4 

. 2309*4 

16165-8 

64663-2 

14.3 

A 5.2 


18475-2 

83138-4 
a 0 

9 

16,1 

* 7.0 , 
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The'verificalifni of tlie accuracy of the additions is given by the 
following calculation : — ^ 

U ■ D ® X 4 = 83138-4. 


Tlio following table shows the combined actions of the fixed and 
roiling loads on the braces., 8' denoting, for bi-evity’s sake, the 
sinnlh'r value of S for the given brace. Thrusts are denoted by f, 


pulls 

by p 





n 

r 

s 

S' 

T 'S 

S' - T 


I-bs. 

Lbs. 

Lbs. 

I.bs. 

Lbs. 

0,17 

55425-6 p 

83^353*47? 

0 

138564-op 


t,i6 

55425-6 t 

83138*4 t 

0 

138564-0 t 


2,15 

41569-2 p 

6.^663*2 p 

2309*4 t 

106232*4 p 


3 ,M 

4 1569*2 1 

64663*2 t 

2309*4 p 

106232*4 t 


4 ,t ;5 

277 1 2*8 j ) 

48497-4 p 

6928*2 / 

76210*2 p 


5,12 

2771 2*8 t 

48497-4 < 

6928*2 p 

76210*2 t 


6,1 1 

i38rj'>'4 p 

34641-0 p 

13856-4 1 

484 97 ’4 P 

0 

7, TO 

13856-4 / 

34641-0 < 

'. 5856-4 p 

48497-4 t 

0 

8,9 

0 

23094*0 p 

23094*0 t 

23094-07; 

23094 0 L 


The accuracy of the niiinhers in the columns headed Th-S and 
S' — 'r may he checked by setting down the former in direct order, 
and the lattcir in inverted order, aT;id taking their second differences, 
which ought to he constant, and e(]ual to 2 s that is, in 

the ])rcseut case, 2‘3(^9‘4. 'Jbo following is the process: — 


138564*0 


106232*4 

76210*2 


455497*4 
2309-1 o 

o 


First Dirr. 

Second D 

32331*6 

2309*4 

30022*2 


27712*8 

2309*4 


2309*4 

2540-4 

23094 

2309,1*0 



li appears from the A'alucs of S' — T that in the oxainjjle chosen 
the two middle hi*ac<*s alone act alternately as struts and ties under 
a rolling load. 

It is unnecessary to give a numerical example of the calculations 
ill (yiise I.; for they differ from those in Case IF. only in being 
more simple. 

IV. An /ran Lattice Girder consists essentially of a pair of 
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horizontal booms to resist tlic btiiiding action of the load, ^ and of 
two scries of diagonal braces, inclined opposite ways, nsvially at 4/)’, 
to resist tlio sliearing action. There may also lw‘ npright ribs, one 
at eaeli ]oad(‘(l point, and one or more at each yoint of sup])ort, to 
dislribiito tlic load and tlio stipporling pressiin*s amongst the 
diagonal braces. Although these iijn-i'.lit piee<‘s are nut absolfitely 
esM-ntiaJ, excej>tat tlui ])oints of siippejt, it is advisable; not to omit 
tliem. 'riieir slrongtli is to he fixed aeeording <o tin* same ])rin- 
oi])]os with that of tlio ujiright rihs of j>idt‘ giiih i-s; Article, .*{?(), 
r)i\ ision VM., ]>. o.'lO. 

To com])ute the stiesses on tin* pi< c<‘s of .• ! ■ i lee girdi‘r, oin; of 
its ])oints of support i'. to he designated as 0 and the other as N, 
(N heing the number o‘ di\isions into wbicli tin; loaded points 
divide it); and tin; loaded jM>ints arc to he numliered consecutively 
from 1 to N — 1. 

In cnmjmtatious res[)Oc^iug tin* shthruuf acii»)ij of tlic loall, is 
to designate Ibo sln'aviiig action in the division of •tlic girder 
between 0 and 1, b(‘twt‘eii 1 and '2^ itc., and, gi‘uerally, 
between n and n t* 1 ; but in c*oin])iitalions rc.sp(‘(;ting the hori- 
zontal dre'ises^ nliieli d(‘pr;iul on tin; bending action, Ilj is to denote 
the stress on tin; booms at a vertical section travelling the point 1, 
4fee. 

This being understood, the cahmlation of tin* thrusts and pulls on 
the Jiorizontal booms is to he jirceeded wiili jucist'ly as for (*as« 
1. of a zig zag gird(><‘; idrinuhe o to 11, ]»j>. ool, oo2. 

To find the stress on, the lattice; work, eoiupute llg* two series of 
<]iiantitios T„ i S„ - 'l\,, for tin* siwei-.d (livisions*o1' the 

girder, as for a zig zag girder, I , formula; Id to Hi, pp. to 

oy4, and assume each (4' I inist; forces to be e<|u.dly dist ril)uled annul g.*^ 
the lattice bars that trav(*rst; tlie diNi.-sion of tin* gir(j(;r to whieli it 
belongs. This assumption of equal tlistrihulion is noti'xaet, but 
its errors are not of practical imjHu tance. 

If the loaded points are iiuiner»)us and near eacli oilier, ihe 
girder may be treated as an unironiily loaded lu aj i, Artieh* HIl, 
(Aise Vr., p. 240; and (aise JX., p. 21?. 

V. Ziy-Z(((j and Laltice (^onttunona tlivders . — fii both tlie.ve 
classes of girdei's the eifect of eoiitiiiiii ty over tin; [uers may he 
computed as follows: — 

Calculate the liorizontal stress on eacli division of the gird«'r, 
when fully loaded, outlie su]>positioii fhal it is di.-^ooitfinuova at (lie 
jiiers; and let !!,„ be the result thus obtained fur the middle 
horizontal bar. Then 


2 tn + ?/; 

m; 4- 3 


( 23 .) 
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nrill be* the tension on tha upper boom, aud thrmt on the loroer boom 
of a continuous girder, over the piers, ^ when its spans are alternately 
loaded and unloaded; and the difference between this and the 
stress ll„ .dieady .'calculated fijr any given bar of the girder sup- 
posed di.se( .‘Jilin nous, will be the sfress on that bar when the girder 
is continuou.s and loaded on alternate spans; tluit is to say, 

' ii« -ir,, (21.) 

When this expression is iirgativi* (that is, whfu II,, is the greater 
term), the kin<l of stress is reversed. When it is - 0, it indicates 
a ] mint of contrary Ilexure. (Seep. 7Uo.) 

3/8. Iron .ii. — T. General Reniarks. 

Various iron trusses or Inaced girders Jiavc been made, in which 
the struts are of east iron aud the lies of wrought iron, advantage 
being inus taken ot the gree.ter lesistan^'o of east iron to crushing 
and of wruuglil iron to tearing; but the grtsitor liability to 
brittleness of east ii-on, ami tlie rapid diminution of its rt‘sistance 
to crushijig as (lie pro[iortioii of length to diametijr incre.isos (as to 
which s(‘e Artieh* .‘hm, p. o2n), liav<‘ led to the general employment 
of wrought iron Jbr the struts as well as for the ties, care being 
tak(‘U that the struts ar<j of hguves suited to resist a thrust, by having 
suliieient lateral stiUness, Wheji a piece acts alternately as a strut 
and as a tic, it must liave si llieient total sectional area., and 
sufficient stiffness, to i-osist tlie greatest thrust that can act, and 
sufficiiMit effective sectional area to ri‘sist the greatest tension 
which 'can ac' along it. The straight lines of resistance which 
connect the centres of the joints with each oth(*r ought as nearly 
fs iiracticable to coincide with the cmitres of the cross-sections of 
the several bans of I he framing, in order to prevent unequal stress. 
(See paper by j\lr. (J. K. llcilly, Proc, Inet.^ 2oth April, 18G5.) 

ri. The Trapezoidal Truss, already treated of in the preceding 
Article, p. 54:0, and represented in fig. 2o3, was used on an 
enormously large scale by the scc.md ihuiud in the railway viaduct 
over the Wye at CJliepstow, the largest span of which, of about 
300 feet, is cro.ssed by two parallel and similar girders, of the 
following construction : — Tlie horizQutal strut B B B is a cylindrical 
plate iron tube 9 feet in diameter, and ^ths of an inch thick, stif- 
feneh by tiansvcrse circular partitions or “diaphragms” at in- 
tervals. It is su]»ported at the ends upon cast iron saddles, resting 
on cast iron pillai's. The effective dc])th of the truss, denoted by k 
in tlie formuhe, is about 50 feet. Each of the princijial ties, 
A, F, C, and of the diagonal braces, G, G, consists of a pair of flat- 
linked chains, attached to the sides of the tube, and sufficiently far 
apart at the level of the bottom of che truss to leave room for the 
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tiMliiC oil a line of rails between them. The vertical struts K, K, 
are rectangular frames with openings sntlicient for the same trailic. 
Tlie points 1 and 4 form th ■ intermediate siij)i»'‘rts of a pair of 
ordinary plate iron girders, whose ends rest on tin' piers; so tliat 
for those girders tlie span of JKKj feet is subihvidod by the aid 
of tlu! truss into tliree spans; tlie e *ntral span being 124^fect, 
and the side spans (‘aeli fi'ct. f^ehiw the four plate girders, 
thus hung from the two groat trusses, are attached the cross 
joists c>f tlie roa<lway. The two tubes ^iro braced together liori- 
zoidall}^ to increase their latei*al stidiiess. 

'I’he total fixed load of this structure yhr 07ir of 7'ails is about 

tons per lineal foot, or 3, 3 GO lbs. The greatest rolling load may 
be taken, as was usual i \ railway bridges, at dim- tuii per foot, or 
1^240 lbs. 

TIk* follo^^ing are the propi»rLions pia* coni-, in which tbe fixed 
load is distributed : — • 


Ellective section of tube, 

Other ])arts and ajijKmdages of tube,... 

Main cliains, 

Diagonal chains, 

Upright frames, saddles, Szc., 

Plate girders, joists, and roadway, 


20 

})er c<‘nt. 

K) 


2.5 


• 5 

0 

9 


28 


100 

a 


With the fixed anj rolling loads abo\e-in»aitio«ed, the thrust 
along the tube is about 3,000 lbs. ])rr sipiare ineh of soiflion; so 
that tlie factor of safety is coiisi«lerably more than six for both 
fixed and rolling loads. _ 

III. W(i7*reti or Zuj-zcuj Ghdem , — In the ejirliea- examjiles of 
these girders, the njiper horizontal strut or boom was a tube, 
cylindrical inside, and on tlie outside r(‘senibling a cylinder with 
four flat projections above, bidow, and at oael* sidi^, for the con- 
venience of attaching the diagonals to it. Tln^ sti 'il braces were of 
cast iron, and cross-shaped. In later cxanij»les the upjici* boom and 
strut braces are made of wrought iron; the upper boom being 
either like a trough -shaped gb'der luiilt of flat bars and angle iron, 
with the flanges downwards, or like a b().\-bt‘am, and the strut- 
braces H-sbajicd, or cross-sbayied, as shown in fig. 235,- ]T 521. 
The main tie or lower boom, and the tio-bnices, consist of flat links 
set on edge; as to which, see Article 3G4, Divisions 11. and III., pp. 
518, 515. The joints of the lower boom, and its connections with 
the braces, are made by means of largo cylindrical pins. Such pins 
also connect the braces with the ujipcr boom, w hoso side plates or 
bare fonii a channel into wBich the ends of the braces enter and 
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<it. The jomts of the liorizontal tie may also be made by fishing 
and ri vetting. The whole structure has the advantage of being 
easily carried in ]a<‘ces tf> its intendoii' site, and there put together. 

If the ijjalfoiiM is hung Iwdow the girders, lateral stability is to 
b<* givcji t<» tlieni by making tlu^ vertical suspend ing-pieccs, whereby 
the (V (»ss joists ar<j hung from the liigher joints of the girders, of an 
I .shaped linn i# of section, au^l equal, or nearly equal in stiffness, to 
the pladoj-ni joi.st.s. When the ])latforin is snppoHod above the 
girder, Jat(‘ral sliffm'ss is^to b(^ given hy tlm horizontal diagonril 
bracing of the ])iatf()rin, and also l)y vertical transver'^e diagonal 
br.ieirig between the girders; and for this piirpo.so rods of from 1 
inch to 1.^ inch in <liamet(‘r are in general sufficient. (For details 
of various Warren gir(h.*rs, s('(^ Iliiiiiher 0'/ Iron Bridges.) 

Fi’oin the maiMKT in wdiich the ]>arts of a zig-wig girder are coii- 
iu‘cted togetlu'r, it is (‘vident that its diagonal strut-hraces, and the 
Hovend *11 visions of its horizontal boom, an^ to be treated as struts 
h'hufful (it th^ f‘nds. (Se(‘ Artiele .‘Jhd, p, />23.) 

IV. f///v/cr.s-.-- 'flu' forms and modes of construction a]»- 

jilieabh* to the upper ami lower boonjs of the Warren girder are 
also ;q)[»lieal)l(i to (iio.s(‘ of the Inflict* ginh'r. Tht; diagonal strut- 
braet's art' math' tll‘ any etmvenit'iit shape that is wtdl suited to 
i-esist Ihru.st; tJieir gre.tle.-'t breatlth should hi) traus-versely^ 

beeaustj in tht^ Itmgitutlinal ])Iain5 of f ho girtlei, they arc stifftjned 
by being boltt'd or vivetit'tl tt» th^i tie-braces at eaeli intersection. 
The ]it)ies made for lhat purpose wea.keu the fie-brac(^s, and are 
to 1 m* alloN\etl Jbr in et)mpurnig their sti-ength. Tn the Boyiiti 
Viatlnct, the stiait diagonals of the laitietJ girders arti themselve.s 
formed like small lall iee bt'ams, etmsisliug of a ])air of T-iron ribs 
connt'ftt'tl together by small tliagtmal braces. (See p. 800.) 

* .'ITO. Iron Iton'Nlriiiu Oirtlrrii. 'Hit; lliost COllimtUl klUtl of 11*011 

bowstring girder (lig. 2o(i) consists of a oast t)r wrought iron arch 
or bow, .springing frtmi two shoes or st»ekots, which are tied 
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tt)gether by a horizontal tit*; the oro.ss joists of the platform are 
suspontlt'tl frt)m tht* arch by vertical su.sj)cnding-])ieces, which at 
the .same time su|)[)ort tlio weight of the tie; and stiffiioss'to resist 
a rolling Itiad is givi'u by mt'aiis of diagonal tie-braces. 

The proptii* ligurt* tor the centre line or neutral curve of the bow 
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is i\ jjjimbola; but a cinailar sogiiu*iit is often used in practice, 
'i'lie cross-section of the bow, like tliat of tlit; iipjan* boom of a lattice 
girder, must be of a form suited for resisting thrust. A eyliiulrical 
tube is the strongest form ; an invei-ted trongh-shaj)e, either cast, or 
built of j>latos and angle* bars, is convenient fontbe attachinont of 
the suspending-pieces. These liavt^ usually an I-shaped section, 
with the greatest breadth transverse, to give tlieo. lateral stability; 
and for the same jiurposc tlu'V widiai towanis tlie Sottom, wliero 
they are rivetted to the <*nds of the ])la(e or box beams tliat form 
the cross joists. The main tie is lu‘st nnfde of paralh*! Hat bars on 
e<lg<*, and is made fast to the slan's at «*aoli i ii.l b-, gi]>s and cotters; 
the diagonal braces art* roiiiul or Hat rods. I he stn^ss on each 
part IS fonml as foHow.s:.— 

Cask I. — Tin* gird(‘r stiHened by diagonal braces. 


Let I be the span, nn*asurt*d abmg tin* (*(‘ntre bin* of the main tic, 
between tlie ends of the et“ntre lint; t)f the bow; • 

/iT, tin* rise from centre line to centre lint!; • 

10 , tlie fixctl load, and ) •. t- 1 p 

16-' tl.o rolliu- loml, } 


TJien the t(*nsion of tin* main tit*, a ml tin* ^lori/ontal tfinist at 
tlie crt)wn of tlni bow, art* given vt‘ry m*arly by. the formula 


It ~(w ' tr) /“ N /• (I.) 

Tin* llirn.^t at any other point tif the ai-eli v'aries nearly as the 
secant/ of its inclinatfou ; or, to exprt‘>s il in .symbols, hit./; be the 
liori/ontal distaiiet* <if tlu* point in tpiestion tVtnn tin* middle of iho 
span ; tlieu tin*, thrust i», 

/ ;n?-+V I (2.f 


At tin* sja'ingiijg, for x ]»nt l — ± 

C(‘t X be the iiumht'r t/f jiarts into which •the vt r(ie.‘il j)i(*cca 
divide the span, so that tlieie art; N I of those pieces; tlie 
greatest tension on any t)ne t»f them is nearly 


(//;" + w) I 
" N ^ 


(;}.) 


w" being the fixed or deatl h>a<l per unit of length, exclusive of the 
weight of the bow. 

It is possible that when the girder is juirtially loaded with a 
travelliflg load, some of tin* upright pieces, which, Avith a uniform 
load, act as ties, may be matle to aet a.'- struts, 'fo find whtjtber 
this is the case, number tl^ ujirights frt‘m one end of the girder; 
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l(‘t n b(j tlic mnnlx'r of jiny given iipriglit ; compute the value of the 


expression 



i4.) 


if this is ])osiiivo, it gives the grf^atest tlirust on the upright in 
(jii(‘srioii; n' nc‘g.‘iXivo, it sliows that the upright never acts 

MS M stiMlI. * f 

'Pile greatest tcnision jjrodiiced by a rolling load on any given 
dingonal hraee is given b>^ the exj>rcssion, 

/e' la n ('ll 4 1) V 

?/ ■ ^ 

where a is the length of tla^ giv'on brace, ^ the dinbrcnco of level of 
its ('lids, and n and a 4 Y tlie nundu'rs of the uprights between 
whieli it is placed. 

Cask*’!!. — The girder without diagonal bra(X*s. In this case 
the action of a rolling load imist be, r(jsist(‘d by the stiffness of 
the bow. ^riie grc'atc'st str(‘.ss(‘s on the tie and on the suspeuding- 
jnoces are givc'ii by tin' expri'ssions (1) and (d) respectively; but the 
bow b<‘(H)ine.s v irtually fni archfd rih hlmjed at tha eiidsy as to which 
see Articl(‘ 374, TTJ., p. 540, and Arliele 180, Problem VT., 
pj). 310 to 312. In computing the quantity 0 by equation 51 of 
tlie last-mentioned Article*, }). 310, the etlect of change of temper- 
ature is not to be consider'd, Iv'causo the bc^w and tie cxjnmd 
equally; and the li'rm (hmoted by a E A^ — / in 'chat equation is to 
be replaced by.'i^^-:-?/^,, denoting the ratio which the greatest safe 
shortenfng of the bow bears to the greatest sat'e lengthening of the 
tie. If tliey are both of wrought iron, tjiis may be assumed as 

approximately ^ 

Casio III. — Bowstring Suapevaion Bridge. — (Fig. 257.) In this 
class of bridge;, of which the greatest example is that erected by the 



« Fig. 267. 

second Brunei over the Tamar at Saltash, the tie hangs in a 
catenary curve, and assists the bow in supporting the vertical 
pieces. The bow is a wrought iron oval tube stiffened by trans- 
verse diaphragms; the lie consists (*f a ])air of chains. 

In fixing the in opvirtions of a bridge of this kind, it is advisable 
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to mnke the liorizontnl thrust thn; to tlie weiglit of the bow baluiieo 
the horizontal tension due to the weiglit of the tie, independently 
of any addith>nal load; and Jor that purpose, the common hori- 
zontal chord of the two arcs shonltl divide the greatest vertical 
distance botwetni their lines of*rcs'stane(‘, A Cf, at tin; iioint D, 
into segments proj)ortional to their we'gliis ; Ihat is to say, f 

AV»‘ii;ht (»f bow : Aveivfht of i : sum of Wi'il^lits 
A D J) V A ( ^ / . 

The formnlc'e apjdicabh' to this eas<* ar< tli.' a ‘k' ^^itlJ those for 
(\ise 1. or Case IJ., accoi'diug as the girdei- > . labh'd to resist a 
travelling load by means of diagonal l>r;u‘es, or l)y the stillness of 
* the bow alone. 

380. lirnrcil Iro.i ArchrM. — This term is a])plied to arehes in 
which the arclicd ]*ib and horizontal rib are so eonm'eled together 
by zig-zag braces (as in tig. or by lat.tiee sssn’lc, in tl.#‘ intm'- 

vening spandril, that (‘aeh half-arch, together with its sjiandril, 
forms one still' frame or truss. Tin; best exami>les of this kiml of 
arch are made of wrought iron; amongst tlnin may he mentioned, 
the railway bridge over the 'J’Ikuss at Sz<‘gedin, iiy .M. Cezanne 
(Amiales cles J^onts et Chmissces, 18511), whi(‘h* consists of eight 
arches of fl’llS nictn‘s in 
span (135*88 f(‘et), and the 
bridge of the Paris and (.'rcnl 
railway over the Canal Saint- 
Denis, by M. M. Sajle and 
Mantion (Annales des Poids el 
Chausaees, 1801), consisting of 
a single arch of dimcAsions 
which will presently be stated. * 

Each of those structures con- 
sists of four ])arallel frames, 
one under eacli rail; each frame consists of a t nv\cd ]*ib, a straight 
horizontal rib, and a zig-zag series of braces, .dl:ei*natt‘ly lortical 
and sloping; these ])iec<‘s are built of ])late and Ijar iron, rivotted 
together so that the whole framti acts Vikw oiuj piece.* In the 'J'heiss 
bridge, all the piece, s are I-sliap<!d in section, cejnsisting of a middle 
web with flanges or tabh's connected to it by angle irons and 
rivets; in the Paris and Creil railway bridge, the, liorizontal rib is 
I-shaped, the braces are cross-shaped, and the curved l ib consists of 
a vertical web, with four Barlow rails rivotted to it, two on each 
side; and for about one-eighth of the span on each side of the crown, 
the horizontal rib and curved rib liave no o))ening between them^ 
so that the same vert ‘cal wxb serves for Ijpth. 'J’he four })arallel 
frames of the arch are stifleneil transversely b^ two sets of T-shaped 
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diagorisil stays, one connecting the horizontal ribs togctlier, and the 
other th(3 cin’vcMl riljs. 

[b Ijiis nli(!i(ly lK‘(in stated in 4i’tich‘ 374, p. 540, that M. 
Mantion proposes, us the best inode of constructing an iron arch, to 
have Jjinges at tin* crown aiuKit tlie S])ringing, as at A and T5, fig. 
1258A- Tin- aiclies of tlie l*aris and Orcil railway bridge are liinged 
at (lie spiing^ng, but continuous at tlie crown; those of the Tlieiss 
]>ridiic ;iM‘ continuous at tlu^erown, and have flat abutting surfaces 
at IIm' spiiiiging; lUivertliph'ss, from the smallness of those surfaces 
as coinpMi'cd witli the oth(‘r dimensions of the arcii, :t is probable 
that the arches of this ])ridg<i also act nearly as if they were hinged 
at tlie s])ringing. 

The followirjg are sonu* of the ]>rincipa^ dimensions of the Paris 
and Oreil railway bri(lg(! : ~ 

The length <»t‘ each scMiii-avch is divided into ten equal divisions 
horizontal l\ ; thci-e are in «‘ach spandvil eight vertical and six 
diagonal bi^aces ; Cor two di\isi(»ns and a-h alt adjoining the crown 
there are no braces, the curved and straight ribs luiving one web in 


comnnui. 




Metres, 

Feet. 

Span liCtuiMMi axis oli bcaiiiii*s, 

44-846 

14714 

KlbO, 


4-85 

15-91 




Iiichca 

DejUii of <’iiiv('<l 

lib (“span titJ iieatlv), 

o-68o 

2677 

„ f)f lit), ' 

0-^00 

1 1 -81 

„ of I’DiabiMf 

i‘d lib at crown, r.... 

0-705 

2776 

„ of 

tour longest at oath end, 

0-200 

787 

„ bi\U'o>, 

remaitid»*r *. 

0-150 

5-91 

riieadlli, 

t »il 'l'-sl».ipe«t tiansxerse braces of curved 

f 0-150 

5-91 

Depth, 

.... ) iil»N » 

to 080 

315 

Drcadlli, 

) of 'r-.'.ha|>c<ltiaiis\ci>ebraees of stiaiebt 

(0125 

492 

Depth 

j lib", *. 

too6o 

2-36 



) of seini-e>lindrieal healings for endh of 

f 0-302 

1 1 *89 

Diameter, 

f einved libs, 

(0 200 

7-87 

T.eii/.v(li, 

.1 

{ 1-40 

53 " 

Ib'cadth, 

i ot ca"t iion abntting-platp, wliich car- 

I-tX) 

, about 

39'37 


1 ries seniiev Inidiical boiuiiig, 

about 

Jleaii tliiclvtiess,., 

J 

f -080 

3'5 


A leas of Cniss-settioii. 

Sfiimi-Q 

iMilliinctreH. 

Sqiuiie 

Incticii. 

Conibiiietl lib at ckmmi, .t 

59,400 

92 07 

Cuevod rib in five di^i''in^s adj*iining the crown, ^Troni 

77 .(>So 

42,050 

120-36 

75 '*S 

Curved rib — Kemaimler, 

35.950 

5572 

Iloii/ontal ri!i.... 

f from 

23,200 

35 

liracc*) 

\ to 
J from 

9,700 

7,482. 

* 5«4 

1 1 -60 


TraosvtTM' (liaironal sla\'4* J 

* 1 \ lo 


11,505 

2,760 

1,665 


4-2S 

2-5S 
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The horizontal ribs perform the thity of beams in supporting 
cross joists; for be.si(h‘s the joists that lie directly a.bov (5 the 
uprights of the spandril, thc‘i*e^*ire two intermediate joists at cfpiiil 
distances resting on the horizontal ribs in each space between a 
pair of uprights. • * • 

The following is the load of the .striu'ture: — t 


t'll.il lot UouIilc‘ Line. 
KiKvJ'nnnifs. LIih. 


Lbs. per Lineal 
Fo(;f of 
Sin>;I(' Lim*. 


Wroni^ht iron framework, J25,<ji)(i 275,578 936 

Dead load exclusive of iioii frame, viz : — 

Timber platform, 45,000 99.^'' 337 

r.alla-t, 45«f25 3 .v'' 



0,^75 

97,000 

' 5-157 

213,848 - 

52 

727 

Total dead load, 

222,000 

489,426 

1,603 

Greatest working live load, 'j 
estimated at 4,000 Kilo- 1 . 
grammes per metre of single j 
line, on 90 metres, / 

360,^)00 


2,697 

Total greatest w'orking load, 

582,000 

1*283,089 

4 ..> 6 o 


The following are th<' methods of eomj)iding tlu' .slresses on the 
several [lieccjs (d‘;t bfae(,*d irem an-li : — 

For tlie uprights and sloping l»i.n*es, use fho s-iuk* i-nh's as fee* the 
siispending-rods and diagonal braeos ol a bowstring gii’der. (See 
Article, .’ITy, p. F<ir the aivh ]»roe(MMl as tbllo\v*s: — ^ 

Case T. — ^he orrh is hofk at rroioa and spruujuKjy 

th(' most severe stress o* tin; are and 
on the horizontal rib are deterintned as 
filloAvs, with an approximat ion suf- 
ficient for practical ]>ur])oses (sec fig. 

J-et w bo the dead load per lineal 
foot; 

w\ the live load per lim'al foot; 
c, lh(i //uZ/span, ) of the centre line of the arched rib in 
k, the I’ise, J feet. ^ * 

Then the horizontal thrust due to the d<;ad load is, 



iro= 


w r- 
2 ^ 


( 1 .) 


and to a live load over the wlipJo span, 
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H,= 


w 


( 3 .) 


and if this lx* llio inost severe way of loiiding the iiivli, tlie required 
fiootioiiJil ;nr;) .it ;iny given of the arched rib, where its in- 

diinVtion is /, wiJJ be, 

(3.) 

/' being the sa/a worhiiuj thrust on the niatoi’ial; or say about 
6,000 lbs. ])cr square inch. 

T(^ ascertain the effect upon tlui curved and straight rib.s, of load- 
ing one-half of tlui arch witli the live h)ad, and leaving the rest 
unloaded, either a geometrical or an algebraical method may be 
f(dh)W(xl. .For the geonujtrieal method, h^t A J>, fig. 259, be the 
centre 'line of the curved rib, O L that th(' straight rib; join 
A i> witli j, straight chord. L(‘t X (J iVl Ix' any vertical ordinate. 
Then the stress along the hoi-i/.ontal rib at X is, 


jr, jiM o 

"2 ox ^ 


.(<.) 


and this i.s bnision when X is in the unloaded half of tlie S2)an, and 
thrust when it is in th<i loaded ludf. 

The liorizoiital component of the greatest stress arising from a 
rolling load ou half the at the ]mint C in the arched rib, 

occurs Vlien C is in the uiiloadi'd lialf of the rib, and is as follows: — 


ITj • hi X 

2CX ’ 


{■>■) 


and should this i)rov"c greater than llj, that is to say, should hi X 
be greater than 2 (.‘ X, the exj)ression (5) is to be substituted for 
ill equation 3; but should hi X bo not greater than 2 G X, 
equation 3 is to he left unaltered. 

To find the point of greatest horizontal stress in the unloaded 
half of the beam, jiroiluee the straight lines L O, B A, till they 
meet in N, from which draw N C toucJiing the curve A C B; C' 
will •be the ^loint sought. 

The algebraical formulie for tlie expressions (4) and (5) arc as 
follows ; — 

Let O A = a; O X = a;; then, 
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Hi •MX_Wi(rtc2 + ^c.'c) ^ 

2 G X ” 2 (a 


: (a c- -f ^ X-) 

m 

The value of x whicli makes the last ex])res§ion a iiiaximiim is 
given by tljc equation • ' * ^ 

o^'=*'=‘{v'2+f-:} w 

It is to be observed that the processes (‘X|)resse(l by the formulfla 
4, 5, 4 a, 0 a, 6, are apj)licable only to tm* ])arts of the 

frame. Wliere the liorizuiital rib an<l the ai* h- >! »ib ar(i connected 
by a v’ob, so as to form vii*tually one ; //>, th.\t rib is to i)e con- 
ceived to bo under the combined action of the thrust Iljj + ^ 

2 

and the bending mommit 

M' '.'i ?') (7.) 


Let h be the dej)th of the eonqxnind rib, and q a co-eflicicnt 
depending on its form of section, as given in ])p. 1^04, 21^5, Tlion 
its sectional area is given by the equation 



and if this area is greaim' than tluit yiven by eqiKdiott o, it is to bo 
adopted. • • 

Case IL — When the rib is continuous at the crown, tJie exact 
determination of the state of stress at ditlercnt ])oints becomes a 
problem of almost impracticable complexity; lyit an apiiroximate 
solution, sufficient to determine what sectional aii a is recpiired at 
and near the crown, in order to r<‘sist the straining eircets of 
deflection, yielding of the piers, and changes of temperature, may 
be obtained as follows : — 

Compute a series of values Ox the ('xpressiou q id h^, as explained 
in Article 180, p. 302, equation 17, for a series of equidistant cross- 
sections of the entire iron frame, and use the 7nean of all those 
values to compute the quantity C by the following formula : — 


loqm (, ^4A;2 , 2c 6E Ai 
8^2 c 




in whicli a is the enlargement, of span due to yielding of the pi*5rs 
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{)oi* lb. of tbi iisl; Ap an assumed ap})i*oxiiiJiiie soctional area of the 
cnrvod rib; K, tla^ iiiothilus of elasticity; z+z the extreme 


/ I »»f (rrn])cr;/tur(! ; c, the co-eH^cient of (sxp.iiisiori per degree 

( laJI j f, ^ ^ ^ 

(see^]). y>Q, tin* intended iflean inttmsity of thrust at the 


crown. 

'J’!ien caKail.iLe a nioinent 




f flexui'C as follows : — 




C 

1 + c 


ft 1. 

= (iro + II,) -,-:|^^; (10.) 


let /^Q bo tlio d(‘j)tli of th(i rib at the croion, and (Jq the value of q 
for the same point; tlum the corrected sectional area at the crown 

will 1 ) 0 , 


ii,+ = 


“/ V«/'» 

.+iY 

Ml -|-0)yo/'o /• 


...(II.) 


When the liorizonlal i-ib of a braced iron arch acts also as a 
b(‘ain, tlic s<‘ctionai area recpiired to resist at one(‘ the dirc'ct stress 
and the bending aelion is to be computed according to the ])rinciple 
of Article 374, Case JIJ., equation 1^, p. o40. 

Iron iMcrtn. — All iron ]>ic.v for sn])])orting arehi's or girders 
may consist of any convenient niimbiT of hollow* cylindrical pillars, 
either vei*ticaUor raking, each pillar being, made of jiieees of a 
ronven^ent hmgth, turm‘d or jdaned at the ends, and united by a 
projection and soek(‘t, and also by llanges or Jugs and bolts, as 
ex])lained in Article 3(iOj p. />21^and the several pillars being 
connected togetlu'r by borizoiital and diagonal braces. For the 
method of (letenniiiing the .stress on each ])illar and braec, see 
Arlii'le 3ltS, pj). 4»St, 465. Each leiufth of a pillar 
betwien a ])air of braced noints inav be eonsidored as 
a strut hinged at the ends^ and its .strengtli cmupiited 
accordingly. (See Article 3GC, j). 521; also p|). 795,800.) 

As :in (;xamj»le of j)iers con.strucled in Ibis manner, 
may be taken tlu)se of khe Crumlin A’iaducl. (tig. 228, p. 
4‘.» i), in whieb tln‘ greatest lieigbt of the rails above the 
A a) ley is ab( )ut 200 feet. Each j »icr consists of fourteen 
east, iron eoluiuns, in lengUis of 17 feet, with an uni- 
form external <liameterof 12 inches, and a thickness of 
nu'tal ranging from one inch at the base to -J inch at the 
tt»p. The two centre eolumns ai*e vertical; the remain- 
der ]-akc in such a mantier that while the base of the liiglu'st ]»ier 
measures CO feet by 27, the top of eaelf pier measures 30 by 18. The 
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longitucliaal and transverso lioriztnilal bracos are cast iron beams, 
I -shaped in section, and 12 inches deep; their llang(‘s are o inches 
broad. The diagonal braces ki vertical and rah nig plane.s ar<‘ Hat 
bars measuring 1 inches by inch; there, arc also horizontal 
dh^'onal braces, Avliich are roumVrods of 2 inches diameter. TJach 
column has a foot oi* base from .‘i ft‘e^ <o i) feet high, spn'afling to 
3 feet square, and ri'sting on a foundation of mason vv to whicli it is 
bolted and joggled. (See autiiorities, ]l o.)!.; 

Wrought iron struts of suitable Jigun^s may be used iusti'ad of 
cast iron pillars in tlic coii.struetiou of ]aejv:; i d like them, tiny 
are to be considered as liingeil at the ]M»ints nl... 1. are lixed by llio 
bra< (»See Article o(j(>, ]>. olM.) 

Ill some eases a jiier is made of a siiigh* row of hollow cylindrical 
cast iron pillars, or even of a single such pillar; in which case, the 
gr(‘atest intensity of tension aiul of ihnist an' to be. com])ntcd as 
follows: — Let 1* be tlie V(‘rtical load of one pillai-; If, tl.^ hori- 
zontal thrust applied to it, at a Jieight of Y above its ba^^^, oi- above 
the horizontal section at which the stress is to be, calculated; c/, the 
mean between the external and iniernal diami'Li'rs of the |)i]lar; 
A, its sectional ar(‘a (= tl X ihickiiess oi’ metal); tlien 

gmitot intousity I’) (I.) 


Cases in which the bending moment arising from tlni tlirust 
differs from II Y will be eoiisid<‘r(‘d furtln r •»n. 

When a pillar simph rests on a firni baM‘, without Ix ing jinbi'd- 
ded in the soil like a pile, it is ad\is.d)le sf) to propnjlioii it 
that ther(* shall bo no tcj*sion at any point of its base; and for that 
juirpose the diameter at the Uise. should not Ik* less tliaii tli#t 
given by the lollowiiig formula.: — 


4 JI Y 

- y • 


' 


As examples of ])iers of tliis ni;iy be takfii tlio.'>e used ibr 

thfj bridges of tli(3 Doinbay and Ji.ufMla i.ijJway, Ty Licutiaiant- 
(Adoncl KeniH'dy (sec ihujuto.r a ml Arrhlteds Journal^ 

Sejitcuiber, 18G1), each consi.sLing of tlireo hollow cylindri<!al 
vertical cast iron jdllars, eminectcd togeilici' l)y ljorizon4aP and 
diagonal braces, witli the addition, in jiowciiid cuiTcnts, of a jKtir of 
raking struts of the same dimensions and eonstruction witli the 
pillars, making angles of oO'' with the \ertieal. Tin. pillars aie 
cast in lengths of 9 feet, ami ari? 2 i ti inches m ('xb rnal 

diameter, and 1 inch thick; the lengths ivc* cfinnecti'd togetluT 
by flanges and bolts. For tlitj part above ground rJie flanges are 
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external; and have eacJi 12 bolts of 1 iucli diameter; for the 
part below jrroiind, they are internal, and have each 10 bolts; and 
the diaiiK'trji- aliove-rinnitioned has keen adopted as the least which 
will easily admit of a workman’s going inside to fasten the bolts of 
tho^ internal llangos. In foiifidations in earth the lowest length 
forms a scrou-jhlo, with a screw 4 feet G inches in diameter, by 
means of whicli the pillai^is screwed from 20 to 45 feet into the 
ground according to the soitiiesa ca tlie lualei-ial. Further mention 
of such piles will be made in a siil)sequent chapter, under the head 
of “Timber and Iron Foundations.” Wlien the ground consists of 
rock, each pillar is inserted into a cylindrical Iiole about 2 feet deep, 
and iixed there with cement. The. three vertical i)illara stand at 
distances ol‘ 14 feet from centre to centre. The liorizontal braces 
u]*e of T-iron, of a soclioiJal area between 5 and 6 scpiare inches ; the 
diagojial braces are of angh; iron, of a sectional area between 3 and 
4 inchi.s; ecieh brace is fasleiuMl to lugs on tlic ])illars, and tightened 
at <ai<j eml by a gii) an«l eott< r. 

The |ii(‘rs just described have lalcaal stillness sidficient to 
AvilJi.slaiid a curjciit, if free from lloating ice and large trees; 
but tlmy are not adaj)te(l lo bear the thrust of an arch, unless it be 
one of v(ay .small .^ize. 'I’lie superstructure of the bridges in wliich 
they are used consists of Warren girders. 

In s(juie lately ercctt‘d bridg(‘s, the cast iron columns which form 
the piers are dylimhus of 7 ft‘efc^, I) fc(‘t, 10 feet, and upwards, in 
diameter, and trom I to 2 inches thick, filled wHh concrete or with 
rubble niasouiy. 'rh(‘ mode of sinking such cylinders will be 
descrilicd uikKu’ the IuumI of “ Timlx'i* and Iron h’oundations.” 

J liey arc cap.ablo of withstanding a considerable thrust from an 
arch. 

For example, in tlie Theiss bridge, mentioned in Article 380 , 
l>. o(j 5 j each ]>ier consists of two eylimlers, side by side: — 


The diam(‘ter of oacli cylinder is 3 nitoes, or 

TJie tliickness, about 

The de2)th of the sjuinging of the arches J 
below the centre line of the horizo"t;il 

ribs, I 

The height of tlie springing of ih*' arches ) 

• above the base of the jiier, ) 

The greatest thrust against a column oc- ' 
curs wJicn one of the arches springing 
from it is fully loaded, and the other j- 
unloaded ; in tliis case the vertical load 

071 o?ie column is, 

And the excess of the thrust of tl;e ) 
loaded over that of the unloaded arch, J 


9 843 feet. 
I -38 inch. 

Y'=i 8*93 ^cet. 


Y = 65-4 feet. 


P = 368,000 lbs. 


H =31^^500 Ihs.. 
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M. Cezanne, in his account of this bridge before referred to, con- 
siders the column as a vertical hearUy acted upon by the pressure H 
at the springing of the arcli, wliioli is resisted b\ the tliriist of the 
Juyrizcmtal rib oj’ the unloaded arch at the top of tlie coin inn, and by 
that of the foundation at its bacsse, so that the*bcnding moment, 
instead of being H Y, as in equation I of this Article, is 


11 V V • 

\ + Y ’ * •; 

and the greatest 

thrust 11 / 1 H Y Y' ^ p' 
tension j A \{Y -h Y') d 


.(3.) 

(U 


According to these principles, the greatest intensities of the 
stress in the cylinders of the l^hoiss bridge arc, ** 

Thmst, about 4,300 lbs. [lor square inch. 

Tension, about 730 „ ,, 


382. SiispnnMion Kridjscn. — I. Flijiire, Wcifjhf ^\\rran(je.merKty and 
Loading of Chdins or Cables. — The wliolo tln'oryof tlie act ion of an 
uniformly distributed load on a .suspension bridge, wjieii the sus- 
peiuliiig-rods are vertical, has been given in Article 12/5, pp. 188 to 
191, and when tho#usp(‘ii(liijg-rofis are oblique*, in Article 128, pp. 
191 to 194. 

It is advi.sablc to make the faebn' of safety for the fixed load 
threCj and that for tlie rolling loa<l six; but in many actual sus- 
pension bridges the factofs an* much less. 

When, for reasons of practical*convenience, each chain is made 
uniform sectional area, tliat area ,must be propoT-tioiiod to the 
gi-eatest pull; that is to say, to the jaill at the jioints of suj>j>ort 
(or at the highest point of sujiport, if their heiglits aj*e unequal); 
but a saving maybe made, both of load and of mati'rial, hy making 
the sectional area of tin* chain at diffej-ent poinis vary as the pull; 
that is to say, as the secant of the angle of inclinatioh of tlie chain. 
The weights of sections of the chain, exti'iiding over equal horizontal 
distances, will in tliis case vary as the squares of the secants of 
their angles of declivity. . • 

The following formuloe show both the absolute and comjiarative 
weights of chains of uniform section and of uniform strength, to a 
degree of approximation sufficient for practical purpose's : — 

Let X be the half-span of the chain ; y, its dej)ression, both in feet; 

the ordinary proportions of a; to y range; from 4^ : 1 to 7^ : 1. 
Let C be the weight of chain of the length x, and of a 

2 P • 
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cross-section siiilicieut to bear safely the greatest working 
horizontal tension H. 

C', tlie, Aveiglit of a Italf-spcm of the chain uniform section, 

C", the. weight of a Iialfspan of the chain of uniform strength; 
^ then, ^ • 

' C' = C - (l + lg) nearly. (1.) 



The error of the first formula is in excess, and does not exceed 
l-3()()()tli ])art 111 any casci of common occurrence in practice. 

The value of (.) in tluMibove formulae may be taken as follows: — 

For wire cables of tlie, Ix'st kind, C = O^-) 

t 

For < al)l«-imii links, O = ; (4.) 

it being understood that the last formula givt^ tin; weight only; 
in otlioi' words, the weiglit exclusive of the additional matenal in 
tlie ey(*s and pins by wincli the links are connected together. 

About 07ie-eighik may bo add,cd to the net weight of the chains, 
for eyes and fastenings.^' 

As to the i>tructure and mode of connection of flat-linked chains 
and ^dre cables, see Article 3(51, Divisions LIL, V., pp. 519, 520. 

Tlie smallest nuinbei- of chains or cables in a suspension bridge is 
^wo, one to sup])ort each side of the roudAvay. In other cases there 
are from two to four jinrallel sets of chains, each consisting of two 
or more chains in the same vertical plane. For example, in the 
Monai Hridge, then* are sixteen chains, in four sets of four. 

The equal distribution of tlie load amongst a set of chains which 
hang in one vertical jdane maybe elFected in different Avays ; one 
being to distribute the sus])ension-rods equally amongst them. In 
order that this plan may be eftective, all the chains should be of 

• • A great iniprovemeiit in tlie innnufactiire of bars for bridge chains, introduced by 
Me»rs. Howard and Ravenbill, consists in a process of rolling them with enlarged heads 
on their ends, so that the e 3 'es cun be made without forging or welding. 

Here nia}’ he mentioned (he test applied In' Mr. Page to the bars used for the chains 
of Cholsea Stispen.sioii llridgc (which tc^t has ucea omitted from its proper place in 
Article. 357). Each bar was subjected to a tension of the intensity of 18.} tons (or 
30,240 lbs.) per square inchi and if, alter the removal of the stress, the length of the 
bar was found to he permanently inerrased h 3 ' more than 1 -400th inch per foot (or 
I -4800th), it was rejecUjT The ultimate tenacity of bars which withstood this test 
found to be 31 tons, or 69,440 lbs. per square inch. 
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exactly c^ual sj/an, ilepression, and dinionsions, so that thoy niay all 
be affected alike by changes of tem})eratiire and of load. 

The method which insures the most accurately equal distribution 
of the load on two chains, is that used by Ih unel in the late 
Hungerford Bridge, and represented hi fig. 2b 1 ; 

A is a suspension-rod, hanging from tlie middle 
of a small wrought iron loN or, B, of equal arms ; *' 

the ends of that lover arc hung by rols C, I), 
from the two cliains E, F, each of whicli bears *■ 
exactly half the load of the rod A. • 

In Chelsea Bridge the rods 0 and D are dI^• 
pensed with; and the h^ver B becomes a sort 
of scalene triangle, \vho.sc two uppc'r angles 
are supported, one on the joint ])ins of one Fi^r. ofil. 

chain, the otluir by a pin resting on the toy) 
of the other chain, ^^hile from its lowe.st angle hangs the 
rod A. 

Each susyjcnding-rod should Jiave its length capable* of adjust- 
ment, by means of a screw, arrangt‘d according to eonvenioiice. 

The ordinary distance between the suspcMuling-rods is from 5 to 
12 feet; and each of them carries oik* cikI of cross joist of the 
j)latform. 

When a suspension bri(lg<‘ consists of sjoeral h.tys ov spans, ilie 
chains of all of them must form ])ortioiis of lujual and similar 
parabolas (the y)arubola being c< nsidt'rt'd a sntllei<*nily eloso a]>- 
proximation to the true curve in which the chain hangs, as alrcnuly 
explained in Article 12S, ])p. 1U7, 11)?^) 

II. Plnifomi. — On this point .see what ’has aln‘ady been stated 
as to timber yilatforms hi Article ]i}). 405 to and iron 
placforms, in Article ^75, y)y>. to 51<). 

The platform of a .snsyieusion bridge is usually eamliered, or 
slightly arched njiwards. 

III. Piers and Saddles . — As to the pro])ejti»'s of diilcroiit 
methods of supporting the chains on the toj)s of the j>ier.s, see 
Article 125, Problem VI., ]). 191. I’ n less tin jiier 1ms con- 
sidemble stability, the second eonstruetion tlu're (h*sf;rihi‘d, viz. : — 
That in which the chains are made fast by yjiiis to a truck, sup- 
ported on rollers on a level ba.x; or ])lalform, is to be ])r(;ferred, as 
insuring that the load on the yiier shall bo exactly v('rtieal. Frohi 
good practical examyiles it ay»p(*ars that the lengtli of tlie pratforin 
on which the i*ollers rest may be about one-fifti(ith pai-t of the sy)an 
of one bay of the chains. The truck should he of wrought iron. 

In son>e cases hinged cast inm iiiers have Ixicn used, each of 
which has the chains made fast to its uppei- end, while, at its lower 
end, it is capable of turning through a smAll angle in a vertical 
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plane, about a horizontal axis, so as to lean slightly inwards or out- 
wards as the (listrihution of the load varies. 

Mr. P. W. Barlow has proposed, ^in order to diminish or prevetit 
the (lisfigurcineritJ of a suspension bridge of many bays, when one 
bay is loaded and the adjoinitfg hays unloaded, that the ends of the 
chains of eacli hay should be made fast to tlie top of a wro\ight iron 
}>iei*, constructed likii a plate girder set on end, and having strengtli 
and stability sufHcient to/^*esist the excess of horizonhil tension in 
th(^ loaded hay above that in th(} unloaded bay. 

Let vJ demote the gr<‘ate.st travelling load pci ‘hot of span ; 

.r, the half-span of a bay; 

y, th(^ depression of each chain ; 

then the excess of horizontal tension in ipi(‘stiori is 

-y 

and this being ninlti|»li<‘d hy the depth (»f any given horizontal 
section of the pier hehnv the j)oint of iitiaelunent of the chain.s, 
givtvs the bending inmnent at that .section. 'I’he vortical .stress 
protluced by tliat inonieni, cornpiwssivc at one side of the pirn* and 
ten.sile at tlie (•flier, is combined with tlie comj)rossive vertical 
fltr4‘s.s produced by tluj total load, who.se amount is as follows : — 

Lot V.) Ik! tin* fixed load, [)or f/ot of span; 

W", tli(! N\ eight of the pier itself, above the given horizontal 
^ , section ; then the load is 

P = W" -f + n/) a. (G.) 

^ As to the coinbiiK'd action of ihe load and bending moment, see 
Article 381, p. 571. 

TV. Ahntnieufs — A nckorhKj Chains. — Tin) term “Abutment” is 
applied to those masses, whetln*r of masonry or of natural 

rock, to which the extreme ends 
of the chains are made fast, and by 
who.se stability the tension of the 
chaims is resisted. For example, 
in iig. 2()2 (which bears a general 
likeness to an abutment of the 
late llungerford Bridge), a pair of 
chai'is enter an opening in the 
abutment at A, in a direction 
nearly horizontal. At B their 
diivctioii is cJmngcd, to one more steeply inclined, by the aid of a 
saddle, wliich presses against the . masonry in front of it. The 
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chains traveree a slo])uig tunnel or passiige in the abutment, and 
finally pass through holes in the “anchoring plates” of cast iron at 
C, where they are fixed by keys or wedges ; th^ anchoring plates 
press against a ])air of trail svei'se east iron girder.^ imbiidded in the 
masonry. • • 

Except that the tendency is to ujiset or to slide forwiirds instead 
of backwards, the principles of the si ability of the araitment of a 
suspension bridge are precisely the saiii(‘ ^ ith those of the abutment 
of an arch; that is to say, the weight of tli^' al'ntnu*nt must be suf- 
ficient to prevent itdiy friction from sliding on iK i>:ise; its weight 
ami thickness must be sulficitmt to pn^vt'nt it lio,n misetting; and 
the centi-e of resistance* of its base must not deviate from the centre 
of figure by more than a safe fraction of the thickness. As to 
ordinary foumlations for such abnimenis, mu* Articles 230 to 230, 
])p. 377 to 382; as to the stability of the abutments, see Articles 
2li3, 264, ]!]). 396 to 101. The resist.snn‘e to sliding forwaro* may 
b<^ increased by making the base of tlu* abutnuait, or part of it, 
elope so as to be por[)(UKlicular, or m'arly so, to the resultant 
pressure, as in the front ])art of tin* abutment in tig. 262. 

When piles are used in tin) foundation, tiny should be driven as 
nearly as ])Ossible in tlie direction of tin* re.sulfaiit pressurt*. (See 
S<‘ction 11. of the next <*lm]»ter.) 

The saddles by the aid of whi«*h the diriM lion of a (‘haiii within 
its abutments is changed, do nol yecjiiirc* rollers, though they must 
be capable of sliding to an extent- siillieient to admit of the expan- 
sion and contraction of the ehaim 'J’his has Ix'en tdfeeted by 
milking them vest on a bed idiout 4 or 5 inclus thick, consistitig of 
layei*s of asphalted felt. ^ 

As wire cable.s, from their grey,t ext<-nt of suifacx*., iHxpu’ro moriik 
care ill order to prevent them from rusting than bars, it is gciiierally 
considered advisable tliat chains made of )>ars should always be 
used imthin tlie ahuUmnts of suspension ])ridges, althougli to the 
outer ends of such cliain.s wire cables of e(|iial *sirength may be 
attached. The cavities find pjissages conlaiiuiig thr*se anelioring 
chains and their fast(‘nings ought to be accessible fip* purjioses of 
examination, jiainting, and re])air. 

Y. Oscillations and Means jf Checking them . — A suspeiision 
bridge consisting simply of abutments, piers, chains, vertical ^us- 
pendiiig-ix)ds, and load, is free to oscillate both vertically and 
horizontally, tlui vertical oscillations consisting in a wave-like 
motion of the chains and jdatforrn. Evciy iinpulsf* aj)[)iicd to the 
bridge causes a sc*ries of o.scillatioiis of extent piv^poj-tiunal to the 
impulse, which go on until they are gra<lualiy cxting^iished by 
friction; and the application of a series of lrnjjMb«*s al intervals 
which are commensurable with the ])eriodic time, of u.scillatioij oi 



678 


MATJ:RrALS AND STRUCTURES. 


the briclj^e causes Llie cAtent aiid the consequent straining effect of 
the oscillations to go on continually increasing; so that a long 
series of suc( ( ssi\e impulses of vei^ small amount, occurring at 
regular iidei vals,jiiay he sufi^cient to endanger or destroy a very 
string suspension bridge. Such*is known to lx; the effect of the 
regular tre.ul of soldiers in inarching; and, therefore, when they 
apj)i*oach a sus])enaion Vnidge, they must bo instructed to break into 
an irregular step. 

Storms of wind cause oscillations, both vertical and horizontal, 
which have sonietinu's prove<l very de.structive. 

Although the oscillation of suspension bridges cannot be wholly 
prevented, it may be very elliciontly checked by means of a system 
of oblique stays, which may either be external tp the framework of 
the bi’idge, or Ijo eoiitaine<l within it. 

As an t'xam])hi of a mixed system of external and internal stays 
may be takiui that of the Niagara Sus^x'usion Bridge. In it there 
are 120 slays, wliieli may be described as “guy-ropes;” they are 
iron ro]K‘s, eaeli of a s(‘etJonal ar(‘a wbicb is about l-20()tli part of the 
joint s(‘etional area of the four main cables; some of them extend 
obliquely’’ downwards from tin; saddles on the top of the piers to the 
jdatforms; otluTs extend <»bJiqu(‘ly downwards and sideways from 
the lower platform to \ arious points of the rocks on which the piers 
stand. The nj)p(‘r, or railway platlbrm, and the lower, or road plat- 
form, constitute rc‘spt‘ctively the top and bottom of a tubular lattice 
girder 24 feet broad and 18 feet deep, with timber ' booms and 
uprights diagonally braced both horizontally and vertically with 
iruii. (Hoe tig. 2(J-“), p. nSl.) 

J^lvery well eonslrueted susjx'nsion bridge has its platform stif- 
fs ned horizontally by diagonal bracing; as to the action of which, 
sec Article 330, p. 407. V ertical diagonal bracing is very generally 
used to give vortical stifliic^s: this will ho considered more in 
detail further on. 

Ill order to stilleu two suspension bridges in the Isle of Bourbon, 
the elder Brunei ti(’d the platforms down to a sot of inverted chains 
(called “ coiiiit(!r-chains”) whose total ’ 'actional area is about one- 
third of that r)f the main chains. 

Suspcuision bridges with sloping rods are stifTer than those with 
vertical rods. 

VI. Bracitkg to resist a heavy Travelling Load , — Various methods 
have been proposed, and j)artially tned, to enable a suspension 
bridge to resist tlu^ action of a heavy tiiivelling load, such as a 
railway train, without undergoing more disfigurement than a girder. 
In order to make such mciluxls effect their purpose completely in 
bridge's of sovei-al bays, the cliaiiis iiiust bo made fast to {)iers of 
bulficient strength and stability, as described in p. 676. 
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(1.) Au:iii\wry GlrdcFs , — These are a pair of straight girders of 
any coii\'enient construction (such as the plate, the zig-zag, or the 
lattice) linng from the chains hy the suspeiiding-iods, and support- 
ing the cross joists' of the platform. A skeicfi c»f an auxiliary 
girder is shown in fig. 2G3. It siiould be not m^erely mpp(yl*te(^ at 
each end, \mt fastemd Ooimi, as tliero are certain positions of the 
rolling load wliieh tend to lift one of its ends. It sho- ild not, how- 
ever, be fixed in direction there. In oilier to enable it to act with 



the greatest efficiency, it should be hinged at the micrdle of the 
span, which may be etfected by making it in two lialv(‘s, connected 
together by means of a cylindrical pin of dimensions sufficient to 
bear the shearing stress, which will pr<*sently be plated. TJie object 
of this is to annul the straining action wliieh would otherwise 
arise from the deflection and ex])ansion of tlie chain. 

This precaution having b(‘cu ub.scivcd, the g]*<‘afest bending 
action on the auxiliary girder w ^.l bt‘ that due to half the rolling 
load, upon a girder of one-half of the ttpan of the chain; and the 
greatest shearing actioli, which wdll take ])lac ii at tiie central pin, 
and at each point of suppoi-t, will be equal to one-eighth of the roll- 
ing load over the whole »paii. Tliat is to say, iu symbols. 

Let u/ be the grcate.st rolling load per unit of span , 

X, the half-spajt; 

* M, the moment of the greatest bending action on the 
auxiliary girder ] 

P, the greatest shearing force ; then 


JM = 


w' ^ 
16 ^ 


(7.) 


F = " (8.) 

4 

Ijlach talf of the auxiliary girder is aceordingly to be designed 
as if for a girder of tlie s])au x, undiT an uniformly distributed 
load of the inten.sity ta' 2; regard bein^ had to the fact that 
such load acts alternatel}" ufiwards and dovuwmds, so that each 
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piece of the girder must be capable of acting alternately as a strut 
and as a tie, under equal and opposite stresses. 

If the girder is not hinged, but coijtimious, at the middle of the 
span, it should be ihade capable of bearing a be'Pdiug action whose 
iioipent is" '* • • 

M = (9.) 


and not to go into unnecossiiry nicety of calculation, the cross- 
s(!ction capable of resistilSg that moment may be continued uni- 
formly throughout the middle hedf oi the stiffening girder.* 

(2.) By Diugonally- Braced Pairs of Chains . — This system is repre- 
sented in fig. 264. In order that the two chains may be affected 
alike by the expansive action of boat, their cin'vatures should be 
equal; in other words, their vertical distance apart should be the 
same throughout the wlade span. If that vertical distance bo 






i_L 





Fii-. \. 


made equal to hfdf (he dcpressio^n of each chain, no additional 
material will be i*equii*(‘(l in the chains beyond what is necessary to 
support a triivjlling load over the whole , span. The diagonal 
braces" should bo c;ipal)lc of acting as struts and ties alternately, 
under stresses conij)ul(‘d as for an auxiliary girder. Material 
would be saved by tliis inode of sj^ilh'ning, as compared with the 
auxiliary girder; but it would jn-obably be less efiicient and 
durable, as the altera tion of tin* curvatine of the chains by heat 
and cold would tend to strain ami loosen the joints of the braceff. 

(t3.) By Diagonal Braeimj betweea the Chains and Platform . — 
I’Jiis cjise is to be treated as a braced iron arch inverted, with the 
action of each force reverse<l; so that the foriuuhe of Article 
380, pp. 567 to 570, and of Article 379, equations 3, 4, 5, 
pp. 663, 564, may be ajijdied. This method of stiflening will 
not be efficient, unless the weight of the platform bears such a pro- 
portion to the rolling load as t«.> prevent any susjiendiug-rod from 
being subjected to thrust; and that such may be the case, the 
result of e(]uation 4, ji. 56*1, should be negative, or nothing, for each 
such rod. It is also open to tlu^ same objections with method (2.) 

• See, on this question, tlu Civil Khf/ineer and Architects' Journal for November 
and December, 1800; also, .i Manual Applied Mechanics^ second edition, p. 375 
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(4.) By Tension Bibs, — Mr. E. A. Cowpor has proposed t^) use, 
instead of flexible chains or cables, stiff wrought iron ribs, like 
inverted arches. 

The theory of the action of the load on su(jli “ tension ribs” is 
precisely the same as in the case of ordinaijir arched ribs (see 
Article 374, p. 537), except th&t every force is reversed, tension 



Fig. 265. — [Niagara Falls Bridge, from a Plioingrapli.] 


being substituted for thrust, and tliru.st for tension (if* i»ny). Tn 
order to annul ilic straining action of Hmj yielding of tlui pierf>, and of 
changes of central deflecti«in and ttniijieraLuro, thoM* ribs sliould bo 
hinged at the middle and at (he points of sup|Mn t , in wliieli ca.se 
all the forioulaj of Article 374, Case IV., ]). 511, bcconic aj>plicablo 
to them, with the modification sbiitMl aho\e. 

(5.) By Straight }fain Chains, vnth Auxiliary Susppusion^ — 7n 
Mr. Ordish’s form of susjiension bridge, tbe side girdens winch carry 
the platform are .su])ported at intervals by straiglit main chains, 
which run directly to the saddles at the tt)})s of tin? piers. To 
pjeserve Jbhe ai)j)roximato straightue.ss of tin* m.'iin chains, they are 
hung at intervals from a pair of auxiliary chains of the catenarian 
form, which have no duty, except to sup])ortM4ie main chains. Sia* 
The Engineer^ November aiid'T)o«embcr, iJSbiS, pj). 343 ami 38j0. 
(See p. 798.) 



PROPORTION OF WEIGHT TO LOAD IN BUILT BRIDGES. 683 


383. Proportion of to EiOiid in Uuill llriclKcs. — 111 Article 

167, p. 263, the general principles have been explained according 
to which the weight of a beam intended to cairy a given load can 
be approximately determined .before designing the beam. ^The 
examples there given, however, an* applicable to simple beams 
only, in which every portion of the material directly contributes to 
the resistance to the bonding and sht‘i‘j-ing action of the load. In 
large built In idges there are many ])arls wliich do not directly com 
tribute to that resistance, but Avhicli, bt4nL; ^.••(■'*ssary for the con- 
nection or staying of the parts which do so, jun‘ - initial ]jarts of the 
structure; and they increase its wtight in n profiortion which 
ranges in various practical examplt‘s fr<nn once and a-half to 
double. 

To deduce from practical examplos a formula fi>r com] ni ting the 
probable ratio whicli tlie woiglit of tlni snpi'i^inicturc of a. l>jiilge of 
a given design will bear to the ext<‘rnal load, the following data, 
from an existing bridgii of similar design, are recpiiiHal:^ — 


I, the si)an in feet ; 

B, the gross weight of the supers! rucl Mrc,^cifli(‘r in all or per 
footofs|)an; 

# 2 , the factor of safely applicable to that wi'ighl (say 3); 

W', the greatest working tra\ ailing load (aiiljor over all or 
per foot of span) eonsisteii( with a prnprr lador of safrty 
(say G). 'rtns is not to b(‘ taken from I hr* m'hnd travelling 
load, but computed as follows: — la t A\' In tlic calculatotl 
breaking loarl ; then 


*\V' = 


W — i?., B 


(i-t 


From thege data computo tlio IVillowiii}; quantity ; — 

N\'N 




(3.) 


then, for any other bridge of similar design and pirrt^ortions, the 
probable proportion of the weight of the .siipei‘.strue.tiire to the 
greatest working travelling load is given by the ffn’inula, ^ 


B 

W' 


‘^2 


L — 


.(3.) 


If ri: 6 and ^2 = these formnhe become as follows: — 

'■='(' ■'•2 1)' w 
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Thf* foIl<»^vIn,i( Jiry soriio exfinn)los of values of L : — 

V(»r* l)ii(lges, not continuous; the depth 

;ilM)ut of the span (as the Conway L 

Ihiilgc); tJic efi*tictiv|^ section two-tJiirds of the Feet. 

whole iron, 614 

For tubular l)ridgos,finean dej)th about l-l(»th of 
the span, continuous ov(;r pi(‘rs ; I in ilie formulae 
denoting tlie span ofthci greater or intermediate 

})ays (as tlu^ Britannia Bridge), 760 

\Vari‘«*n girdta- la-idgvs, not eontinuous, with east 

iron struts; de]»tb about J-lotli of the span, .... 670 

^V4ll•len giidor laidirrs, not cf>ntinuous, witli the 
tVame entiirly of wrought iron; di^pth about 

1- J 0th of the span, goo 

Ircjii aiclied bridges; rise about 1-ltlli of tlie span, 630 
\\'iF-e cable sii.spension bridge; the depression 
i-Mth ol‘ tKe span; the cables 4-Jt)tJis of the 
weight of tlK^ supe]*slructur(‘ ; ultiinat(‘ tonacaty 
of th<‘ win' !M),()0() lbs. [)er sipiai’c' inch (as 


^Niagara Falls J3ridge), 2000 

0 

In designing railway bridg(‘S, W' varies wutfi the s])aii — thus, 
for short spans \)f, say, 50 ftiet *J tons, and toy greater spans of, say, 
100 feet 1 J tons jior lineal foot of a single line may be taken. For 
bridges not 'ai’rying railways, the most sev,ore moving load may be 
aasf-med to be that of a clo.soly |)acked crowd — that is, 120 lbs. 
j»er s(piare foot of plattorni, so that in such eases, 

W' = JlM) lbs. X breadth of j)latform in feet. 

For a bridge* w ith two pl.itforms, one cMirying a road and the 
other a railway, those two loads arc to be combined. 


SiurrioN V . — Of Various* Metals and Alloys, 

38^: lifini is used ill engineering works as a covering for roofs 
(as to which, see Arlii h^ 337, p. 438), as a inat(*rial to fasten iron 
emmps into iiiasonrv, by lilling uj> the cavities betw'cen them, and 
sometimes as a means of <li>tribntiijg tin* pressure on the l)ed.s ofarch- 
stouo.s (as t<i w'hich, see A rtiele 277, ]». 4 14). As to its tenacity and 
heaviness, si c the tabla^\,t the end of the volume. It melts at a 
temperature of about 330"’ F/brerdiefl. When a fre.sh surface of 
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lead is exposed to air or water, it becomes coated in a sliort tinn» 
with a thin grey film of oxide, which ju’otects tlie metal against 
further oxidation, unless som^ acid be present capable of dissolving 
the oxide. (See p. 801.) • 

385. Zinc is used for covering n>ofs {svo Article 337, p. and 
also for coating pieces of iron to proN*ct tlujiii .against oxidation. 
(See Article 330, p. 4G2.) A fresh sin face of zinc, when expo.sed 
to the air, becomes coated wdth a thin ^ilm <>f oxide, which i«‘ot(*ots 
the metal against further oxididion, niih‘ss ;in acid 1 m‘ pri'sent to 
dissolve the oxide. Tlie coating with nr- “ ';ilv;inizing,” as it 
i.s called, of thin pieces of iron, such as slu« ( lud wires, makes 
tliem more ductile, and a litth* less tenacious liian bidbre. It is 
effected by carefully cleansing the surface of the iron, and placing 
it in contact with a .solution ofacoinpMiud of oxide of zinc and 
potash ; the negative pole of a gjilvanic- Iratteiy is connected with 
the piece of iron, the positive pole with a plate of zinc ir^nierst'd 
in the solution. Zinc melts at a temperature which is i*stiiuated to 
be about 700° Fahrenheit. At a temperature .sonu'wliat above a 
red heat it evaporates, and is then highly coml^nstiblo. 

386. Tin — aiiofm of Till. — Tin melts at 426 Kilii-enheit. It 
resists oxidation better than any of the mole common metiLs, 
except gold and silver. It enters readily into combination witli 
iron; and it is by immei'sing welbclean.sed .'^hecls of ii-mi in melterl 
tin that “tin ])late” or tinned iron is prepured, IIm‘ iron b(;ing 
coated with a layer of an alloy of iron and tin, wlm li [lasse^ 
gi’adually into pure tin at its outer surfact*. Although I in is visy 
soft and ductile, most of its alloys with other nu tals are-JuirdiT 
than either of the component metal.s. 

387. CoppiT. — As to“thc tenacity of copj»er, which difh'rs con- 
siderably according to the manner in which the metal has iJcen 
treated, see the table at the end of the voInmc\ It is diminished 
to about two-thirds by a tempiu-ature of bOO"* Tallin ‘ii licit. 

Copper resi.sts oxidation well, owing to the*formatir«n over it.s 
surface of a film of vea-digi-is, or carboii.ite of copper whicJi protects 
the metal. TJiis pro]»erty, togetJicr with il.s great .strengtli, 
makes it an useful material for fas(<*nings of lifubcr work and 
masonry in situations where iron would b«i I'apidly oxidated, and 
where the cost of coj)pej- fa.stening.s, being irom six to eight times 
that of iron fasten liiigs, can be all’nrded. • • 

As to the u.se of sheet cojiper for covering roofs, sei* Article 337, 
p. 468. 

388. Bronze. — Altliciugli the term “ lh*as.s’’ is pcifmlarly applied 
to all the alloys of cop])er, tliose in wdiieli jt i.s combined with tin 
are more properly called Bronze. Thc-v. jcoiujumiids are harder 
than copper, to a d(*grec iMcreasing with the quantity of tin 
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wliicJi tliny coTifjiiii, u)> to a proportion which gives the maximum 
of lijirdncss. 

In onho- tluit hronzcj may be of good quality, as regards accuracy 
of the ligiirc of casti'igs, soundnoss, anVl slrojigth, a general principle, 
applicabh* io ;ill jdloys, should lift (jbserved in its composition, — the 
qnafi titles of ingredients should bear definite atomic proportions 
to other. _ WJien this rule is not observed, the metal produced 
is no* a lioinogejicous compound, but a mixture of two or more 
ilitlerent compounds in iiregular masses, shown by a mottled 
«pp(i;iranc(i of the castings, vhen broken ; and these masses being dif- 
]l i‘(‘Mt in cxpansibilit}^ and elasticity, tend to separate from each 
other. 

The following is a list of some of the principal alloys of copper 
and tin, in which the cluunical equivalents of those metals are 
assumed to be respectively, 

6.VS 

ii8- 




IJv Atoms. 



Copper. 

'1 ill. 

Copper 

Till. 

f) 

1 


i r8 

*4 

1 

HS() 

118 

1 6 

I 

1 0 1,/) 

I 18 

iS ■ 

I 

*1 1.1 

1 1 8 


J-loIl-metal : liard and brittle: contracts 
in cooling from its melting point, 
J-(i:;d. 

Hard le-onzft. 

ljionzo,or gun-metal : contracts in cooling 
from its ineltin .7 jM)int, 1-1 30th. 

Softer bronze. 


^Jis the table uf tenacity at the vod shows, bronze, or gun-metal, 
is twice as tmiacious us good orilinary cast iron, and as tenacious as 
coj)per in bolls, while at the same time it is harder than copper. 
It is imicli used in macliiuery. Lead is sometimes present in 
it as an adultemtion, and is very injurious to its strength and 
<lurabilitv.* (iSce p. 

380. Hraif*, properly s|)cakiiig, is the gene ral name of the alloys 
of co])])er with zinc. They are weaker than copper or bronze, but 
are useful from their fusibility aiuh ductility. The following is a 
table of the priueij)al alloys of cop 2 )er and zinc, in which the 
chemical equivalents assigned to those metals are, 


Copper, 63-5 

Zine 652 


* Fpr inform (itioii as to th^ alloys of copper, tin, zinc, and lead, see a paper in the 
Manchester Memoirs for 1860, by' Mr. Grace CaWert and Mr Johnson. 
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Composition. 

By Atoms. By Weight. 


Copper. Zinc, 

Copper. 

Zinc. 

6 

I 

381 

65-2 

4 

I 

-54 

65-2 

a 

I 

1^7 

<■> 3.2 

I 

1 

63-5 

(< 5'2 


Hardened co})i)er. ^ 

Malleab*(‘ brass. , 
j Oi*difiarybras.s; contmcts in cooling from 
I its luoltihg point, l-60tb. Tenacity, 
( see table at end of volu.ae. 

Prince J^iij^rt’s luetai*. very liard. 


389 A. Alumliiiuui iiroiixe contains trom •• f'. 10 [kt cent, of 
Aluraiiiiimi, and from 95 to 90 j>er cent, of (.u] |n i-. 

Specific gravity, 7 *68; heaviness, 480 lbs. per cubic foot.. 

Tenacity, Q square in -h. 

Resistance to Crushing, 132,000 Ihs. pe.r sipiarc in(*,h. 


For manganese bronze and phosphor bronze see Appmub v. 


(Addendum to Articles 353 , p. 499 , and 357 , p. 512 .) 

389 B. sitrcHgih or Iron nini Mteri. — Summary of exjierirnents 
on* the strength and elasticity of steel, Kairh.^irn { R^.port of' the 
British Assooiatioii for 1807 , pp. IGl 10 ^ 274 .) (See also 
Appendix.) 

i.i) liio Squ'iie Inch 

Ultimate hmaeity, from (huooo li> 134,000 

Average, •. 107.000 

Modulus of rujiturcj i'rom ho.oco j 14.000 

A verage, 80,000 • 

CrusliiiJg stress of very small blocks, 2 25,000 

Modulus of elasticity, E, from^ 22, 000,000 Ut 34,000,00^ 

Average, 31,000,000 

malleable Cni^i Iron is made by the iVillowing ]jroeesM: — I'lie 
castings to be made malleable are embcsUletl in Jhe j)o\v<l(r of l ed 
hcematito; they are then raised to a bright re<l heat (wJiieh 
occupies about 24 hours), inaintuiiied at 1-hat In at for a period 
varying from thiee to five days, according to the .'^ze of the ca.st- 
ing, and allowed to cool (which occujiies about 24 hours more). 
The oxygen of the hieniatitc xtracts part of the carbon from the 
cast-iron, which is thus coiivert<!d into a sort of soft stiiel; iy;id*its 
tenacity (according Uf experiments by Mes.srs. A. Morehk Son) 
becomes more than 48,000 lbs. per square inch. 

According to Mr. Kirkaldy, the strength of steel is greatly 
increased by hardening in oil. 
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CHAP^fER VL 

OF VARIOUS UNDERGROUND AND SUBMERGED STRUCT I RES. 

Section T . — Of Tunnels, 

390. Tunii€‘i« In 4Sc‘ii(*rni. — As tunnels, compared with open ex- 
cavations, are an expensive anti tedious class of works, and as they 
form iiiemiviinieut ])()rtioiis of a line of coniiniinication, the engineer 
should study to avoid tlie necessity for them as far as possible. 

Ah oO the setting out td‘ tunnels, see Artielt^ 70, y>- 114. 

4’he naUire of the sirata througli which t\ pro])osed tunnel is to 
pass should he earetiilly asetatjiinetl, not only hy means of borings 
and shafts, \»ut in sonu‘ eas(‘s also by means of horizontal or lu'arly 
horizontal mines or dvijhy along tin*, intended course of the tunnel. 
Shafts and drifts will be further described in the ensuing articles. 

'I’he most faNourabI<j material for tunnelling is rock that is sound 
and durable without. b(‘iiig very hard. Great hardness of the 
material increases tin* time and cost of tunnelling, but gives rise to 
no special ditUoult}’. A worse class of materials are those which 
decay and .soften by the action of air and T»ioisture, as some clays 
do; a-.d the worst are those*, which are constantly soft and saturated 
with water, such as (piieksand and mud. 

In choosing the site of a t\innel, regai*d should be had, not only 
to the nature ol the material, and to the shortness and directness of 
tlu! tuiiiu*!, but to rhe facility for g<*tting jicec's.s to its coiii*se at 
inttTiiiediate jaunts by means of shafts and drifts. 

The engim*er suoidd, as far as jmssible, avoid curved tunnels, 
especially those in which the cuivaturo is so sharj) or so extensive 
as to prevent daylight from being seen thi*ough from end to end. 

As to tlie Jigiires of tunmds which require 
a lining of brickwork or masonry to prgyeiit 
fragments of rock from falliug IVom the roof, 
or to .sustain the pressurc^uLearth, aud^lis to 
the .strength and stability of that lining,, see 
Article :297 A, i»|i. 433 to 43o. Fig. 266 is an 
exainjdeof the <*lliptic form described in that 
article, with an inverted arch E C E at the 
•Ih or. The parts F- G, G F, of the base, 
which directly bear the side-walls and their 
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load, are horizoutal. O is the c(Mitre ol’ tJic ellipse E B A B K, 
B B the minor axis, A U C alu»ut thivo-foiirtlis of the nifijor 
axis. • ^ 

Tunnels made in rock that is so sound lud. to riMjuiiv a 
lining; of masonry or brick »rl^ to pn‘vrnt j>iooes of it ironi fiTllini' 
in, may b«‘ made*, if the rock is igneoU'S, of almost anv sliaix' tliiit is 
most conveni(‘nt for tlie tniilic. Tlu‘ elliptical or liorsc-slioo f(»rm 
already described, is, liowc\cr, ;^cncral^ a«|Mpt«>d for llie siefes and 
toj), the floor being level. In straiilied roeks, I Ik‘ si longe.st form 
for the roof i.s that of a pointed ardi; iIiohl: '. .1 lat roof b.is l»een 
used wlu'ie the rock consids of thick l.iyei-, ..i.l has few nainral 
joints. 

In ordinary tunnc'ls, nieasureil within thi‘ nia^.nny or ln*iek'.\ ork, 
tile dimensions of mo'^^ common occuiii iiee are - - 

Hel;4ht. Wi-ll • 

For singl(3 lines of railway, 20 ft. irill- 

For double lines of railway, 2*1 ft. from 24 ft. to ]o ft. 

For navigable canals, from 14 ft. to ,50 fi.. frcmi 14 ft. fo 30 ft. 

The smafhiess of tunnels for water-eonduit'- .»nd drains is limit(*d 
by the least diinensi<ms of the space in wbieh inineix can wojk 
etliei<*utly ; that is, about 4) feet hi.nh and d feel wide. 

Authoritii's, Simms, (ht I'mrftrnl : Drinkm-, Oil 

Tumiellhig (Saw ^'ork) , IJ/ilia’s TH'iin>‘lhnnL'Uiisi. 

.‘Vdl. Nhnflii or — Shafts or ]»its are snid-w Ibr I hu e pnrpos(‘.s ; 
to ascertain the nature <»f strata to be e\«‘:i\ .il-d, a'^ alrt'ady 
nit nlioned in Article 187, ]>. d.‘U, w luai tiny .in* eaileti^ 
shitfts; to gi\e access to a tiinnel wlien in piMufi’es.s, lor the jair- 
jiose of carrying on the work, ^reimn mg I he material excaNakal, 
admitting fresh ami <lischarging foul air, and pinii]ang out waiei-, 
when they an* called nxyrkiiig sflut/fs ; to admit liglit and fri*sh air 
at inter\als to, ami remove foul air lr-)m,a rnnm*! wlnm iom)»leted, 
wlien they art; called i^niniaent shaj'ttt. 

T. Trial i^haj'ls ww in general sunk at or imar Ihe eenire line of 
the proposetl tunnel, 'fheir traiisver.''e dimension', are fixial mainly 
with a view to convenience in .djiking them. Si.v leet is an tirdinaiy 
diameter for a round trial .sh ift, si.v leet hy four are oniinaiy 
dimensions for n^ctanguhir shafts. Tim shape i.s regulated hv tlie, 
material to be u.scd in lining the .shaft, being rectangular in^ 
timbered shafts, and cylindrical in tho.se that are stcAiied or lined') 
with stone or brick. 

The luimbcr and distance, apart of trial sh.ifts are to be 
^etenninod after ])re\ious boring, in the .same manner a.s, tor a 
deep cutting (Article 187, p]). ‘131. 332); tli.^t is to say, no general 
ntle can be laid down on tlfe .subject; but the engiueer must, to 

- 
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tl)ii best of liis sink such shafts as arc necessary iu ordex 

t<j ^ovc liiin an accurate knowledge of the strata to bo excavated. 

TJ. Wodiiif/ maybe eiiliewrectangiilar or round. Their 

\i^,iial Iran.sveiM' di^nensions raiy^c from 6 f(‘c‘t to 9 feet; the greater 
(liairteti r is advantageous, Ijocausc (If its admitting of large quantities 
of material raised and lowcered at a time. Their distance 

a)>a] t varies, m ordinary cases, from 50 to 300 yards. In some 
ra‘'es, rio\v(‘V(‘r, it lias becui fo nid necessary to jdaee tlicm as close as 20 
nr .‘iO yaids a|»ai*t, for fli(‘. 4 )iirpose of discharging fmil air; while iu 
other cases the Indght or the ridgcj to be tuniicllccl through lias 
r<;ndt;red tlie sinking of shafts impracticable, for very long dis- 
i mees. An extrenn* exaiiiphi of the last case is the tunnel thrciugh 
.Mont Ceiiis (see. [). 590), which is 7*59 niih^s long, and which has 
been excavat(‘(l entirely from the two ends, without the aid of 
shafts. 

Tlie^'angc of woiking shafts of a tunnel may lie either along its 
centre liiu'f oi' in a line ]»araIlt‘J to the (‘entre line, at an uniform 
distance, to om‘ sid(;. WJnai the lalt«T system is adopted, the 
obj(‘et is to kei'p tlui shafts clear of the excavation and building of 
the tunnel, >vith which they arc coniu'cted by cross drifts. 

\.WIicn a woikiiig shaft is to be used in orclm* to drain the tunnel 
of watt‘r as tin; woi’k proceeds, it is sunk to sucli a dcjptli below the 
bot tom of the (‘xeavation as to form asullieiont reservoir for water, 
called a “ m/nj)," from which the wat(n* is raised by a windlass and 
buckets, or by a puiu]). , ^Jlio most convcuiicnt form of bucket is 
one that is livaig in a stirni]> by a jiair oj^’ trunnions whose axis 
nearly' travmstjs the centia^ of gravity ot the bucket. When 
lowered, the biiekcd is held upright by a catch ; and aften* it has been 
raided, tlui removal of the catch .allows it to be easily tilted over, in 
order to discliarge the water. 

III. 'rermanent Shujla are in general working shafts that have 
h(!en made permanent parts of the structure, the brick lining of 
cacli being supported on a permanent or suitably fonmal ring 
of brickwork, or of east ijon, sunoiinding a circular oritice in the 
roof of the tunnel.; ^fhe top of (*ach sh ft is protected by being 
flurround<;d with a wall, and covonal with a grating. 

Permanent shafts are occasionally mot with of a diameter as 
great as, or givaler than, that of the tunnel. For example, the 
shafts at the ends of the Thames tunnel are *50 feet in diameter; 
the tunnel itself eonsi.sling of a pair of archways, each 14 feet 
in clear width, and the entire width of ])assag(‘s and brickwork 
being 37 feet. 

IV. . SlnkinQ Shafts in stnind roc/c is ]>erf()rmed simply by the 
o])evations of blasting and tjuarrying^ as already described in 
Article 207, p. 344. In order to‘ be safe from the effects of 
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explosions, the workmen sliould j^c-end to a lici^dit of or (ID feet 
above the bottom of tlie shaft (if it is so doejj), before each blast is 
lired^) The noxious fuinos by the }K)w«b r niay be j)artia.lly 

dispersed or absorbed by dashing in a luicket ot water; but a more 
eilicient j)laH of ventilation, e.spe«Mally in dt*ep shafts, is eitliV-r to 
extract tlie foul air through a slnn t iron tube leading uj) to a 
furnace or to an exhausting fan, oi- to Idow frc's.i air down by 
means of a fan through such a lulu*. ^ 

Ventilating apparatus is indis]H*nsable when foul air (such as 
carbonic acid gas, or ‘‘ ehok<* damp ”) Ai- in*’ mabh* gas (‘Mire 
damp”) is disengaged from the si rata that o. IniveiMul by tlie 
shaft. 

When water Mows into the shaft, it is to l)e eolleeted at the 
bottom in a sum}*'’ or w(‘ll of Mnallei diameter than the shaft, 
and raised l)y l)nelvets, oi- by ]mniping, ( Itlier to tlie surfaee rif the 
ground or to some drift through which it ean he discliaigoo.* 

,CSinkiii(j TiiidiPird ^^hajh. — A slial't sunk through siMt 
materials, (U' through loose roek, must he lined with timber, 
masonry, or brickwork.'. 

The principal pieces in the timlu*ring of a shaft, as well as in the 
timbering of drifts, tunnels, and underground (*xcavatioiis in geiuTal, 
maybe distingnislied into which aiu* si nits or posts, eitlnir 

viTtical or raking, and usually of round timber; sdla and bars, being 
horizontal pieces, sometimes nmnd and s< im tinies s<juarc«l ; and 
deadlng or boards. • Props ure comlaned w ii li sills or burs into frame- 
work simply by ubul ting joints at tln'ii-emls 
which are madi* last m their places by (Ik^ 
aid of spikes called hrubs,"" of the shape 
shown in fig. i2G7, and usually about G inches [ 
long. Fig. 2GtS represents the foot (*f a pr«)p 
re'sting on a sill, and made fast wiili four 

brobs, of Avhieh three are shown, '^riie .sJiape 

of the head of a laoh enables it to l>e himeked j.,Vr \> 07 , 
out as easily us it is driven’ in. 

Fig. 2G9 is a section of a s(piare-liin)M‘i-e(l shaft of about 0 feet 
square. The timbering consists ()f lauizonlal square frames or set* 
tjags^^ono at eviay six feet of dcntli or thereabouts, each made of four 
square sills of 12 inches X 12 inehes, supporb'd ]>y rouml ])i(>j)sbf 
8 or 9 inches diameter, and clad outside with vertical pufiun 
liQSJLrds'' of 3 inch deal. The shaft having been sunk ami tirrilxired 
as far as the earth will stand for a time \ertical, the further sinking 
is effected as follows: — In the centre of the bottom of the shaft a 
small pit Is dug, at tlie bottom of which, at A, is laid a small plat- 
form of boards; then by cutting notches ir* tin; sides of the pit, 
** raking pro2)s,'' such as those shown by dotted lines, arc inserted; 
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tliiMT l()W(‘r {ibnttiiig Hgaiiist a ^^foot-hloch'' at A, and their 
n|i|M‘r (iiuls .‘igaiii-t llio lowest setting, so as to give it a temporary 
HupjMa t. The pit tlioii enlarged ‘to the rlimeiisious of the shaft 
ahpve; vertical^ poling hoards are set up against 
ils sid(‘s, with tla.*ir up]>er (‘lids behind the teni- 
pnrarily siippoited srpiare setting, and their lower 
ends behind a new s(|uare s(jtting, laid on the bot- 
tom of the fi'xcavation; V(5rtical [)ro[)s are inserted 
between tJiose settings, and niad(^ fast; the raking 
props and their foot-blocks are la ken away; a 
iKiW small ])it is dug, and so on as botore. Care 
should be taken that the earth jiresses lirinly 
against the p(ding boards. Should streams of 
Nv,it(;r come in through tlie chinks between tlui 
1)0.1 rds, the tendency of those stivanis to caiTy with 
th(‘ni particles of sand, and so to leave cavities in 
the (‘aith, may be counteracted by siutRng straw 
behind ilu^ boards. 

Vr. Sinkitnj Stour, or llridx-llnrd Shafts (which are nsually 
cylindrical) may l,»(‘ efliicted in two ways; by underpinning^' or 
by a “ drntn-rurh'^ 

'I’o sink a shall by 'nmh^rpinning, it is first dug as deep as the 
eartli will stand vertical. At the hottoin of the excavation is laid a 
‘‘ curb:" that is, a (hit ring, whose internal diameter is equal to the 
int('ndcd clear dianiet<‘r of the shaft, and its bivadtli equal to tln^ 
thickness of tb*; brickwork (nsually 1) inches). It is made of oak or 
elm ^>lanks o or 4 ineln^s thick, oitlier in one layer fished at the 
joints with iron, or in two la>ers breaking joint, and spiked or 
sck' 3 AVcd together. On this, to line tln^ finst division of the shaft, a 
cylindc'i* of brickwork is built in hydraidic mortar or cement. In 
the centre of the lluor is dug a small jilt, as described in Division 
V. of this article, at the bottom of which a jilatform and foot-blocks 
support raking projis, A\hi<di arc inserted to give temporary support 
to the curb with its load of brickwoik; the ])it is enlarged to the 
diameter of the shaft above; on the bo^iom (^f the excavation is 
laid a new curb, on which is built a new division of the brickwork, 
giving permaiK'ut suppoi't to the. Tj»per curb; the raking pro])s and 
theip foot- blocks are removed ; a now pit is dug, and so on as before. 
Care should bo tid?;cn that tin* ('arth is firmly ])acked behind the 
brickwork, and that the shaft is < arried down truly vertical. 

J A Drum Curb (fig. ^70), whicli may oe made of timber or of cast 
iron, consists essentially ol a fiat ring for supporting the brickwork, 
and -of a A^ertical hollow <'yliiidcr or dioini, of the same outside 
diameter as tlu* briek\tork. suppovlingtlio ring on its upper edge, and 
bcvr(dled to a sharp edge below, Tne drum may be strengthened 
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if necessary by an additioiiiil rini;, ami its connection witli the rings 
made more secure by brack<‘ts, as sliown in llu' lignre. 

When tli(^ shaft has bee* sunk as far as ;l»e eartli will stand 
vertical, the drum-curb is lowered into it, aml^tlu auihliiig of 
brick cylinder commenced, caf<^ being taken to 
com]»letft each course of bricks befon* laying 
anotlier, in order that the cnrli nia\ be oiju.illy 
loaded all vouml. The i^ »lug*:iwM\ lVt)m 

the interi»)r of the drum; ami this, t.M ‘fho)* 
witn the gradually inei*(‘aMiig load oi' Ijia- 1. i , 
causes the sliarp lower edir** of the drum h mi': 
into th(‘ eartli; and thus the digging of the ^llaf(. 
at the \)oitom, the sinking o\‘ the drum eiM*b, ami 
the* bi-ick lining w'hich it earri<‘s, and llu build- 
ing of the brickwork at tin* to]), go on toi. iIum-. 

(Uvat can* must bo iak(‘n so to r<‘gnlatc ibe diggiiij,, 'that tbo 
abaft shall sink vertically. • 

Should the friction of the earth against the outside of the shaft at 
length become so great as to st(>]) its d«‘sc<‘nt., iMdbrt^ tlie n'fjuisito 
deptli is attained, a smaller shaft may be sunk m the interior of the 
first shaft. A shaft so stoj)pcd is said to be “ c.ii lli-ilist.” 

VII. TempOTary Suppoit o/ WorkiiHj Sluf/'f* — Wdicn a w'orking 
shaft is sunk in the centre line of aii inlcjided tmimd, it is ob\ ions 
that the com])let»ion of tin* (‘xcavation for the tunnel will naiiovo 
tin* support fromijelow tlic lining <»f tin* shaft, which supp(»rt will 
only be replaced when the airhing of tin; tunnel i^*complc‘ted. 

There are two mode's of giving Imnporary snjiport to tli^ shaft, 
from below” and from above. 

Support from below is giveii, if ground is solid eno\ig^, by 
means of a j)air of strong [larallel sills, say lo iiicin s scpiare, and 10 
feet longer than the iiit<‘uded span of tin; tunnel. Ksudi of these is 
sent down the shaft in three ]U(*ccs, wdiieli arc insrrtc'd into small 
horizontal drifts running at right angles to the lim* of lunnel, about 
3 or 4 feet above its intended roof, and an* tln-ie scai'l'ed togctlier. 
Tlie drifts are then rammed u]). Tin; distance l>ctw(‘cu tin* two 
sills is equal to the clear widtli f)f tin; sh ift. They support a square 
frame, which siip])orts the lov’cst curh of tin* part of the shaft to bo 
carried. ^ 

Should the material be too soft to admit of this nioch; of .suppoi*t, 
the two sills (each of which may now' be in one pi(;ce) arc to bo 
laid on tlie surface of the ground over the mouth of the shaft across 
the line„of tunnel, and somewliat closer togetlicr than the width of 
the shaft. The lower end of the shaft is carried by a* strong 
wooden frame, which is hung from the twe; sills by nn;ans of four 
wrought iron suspending-roffs or chaina ^ 
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'File part of tlic .sliaft thus teiiiporarily supported is generally 
liiK*d with brick; the pait below the temporary support is lined 
with timber, which, is removed iu tile course of the excavation 

of tlu^ tUMIirk , • 

nrii'iM, .?iiiic‘M, or iiru<ijn;;st, iire small horizontal or inclined 
niKlrrground | issagc's, made in order to exj>lore the strata in the 
line of an iiihauh'd tunnel, to (Irain oil' water, and to facilitate the 
raiii^lriL^ of tJie lino and levels ami setting out of the woi’ks (sec 
iXjtich; 70, p. Ill), the acf'oss of the workmen, and the transport 
of materials; and for the last-mentioned purpose they are often 
furnished with small tom[)oi*jiry railways. 

r. /* 08 Ut 0 HS of Principal IlcaduKfUi. — The working shafts of a 
tunnel nvo. almost always connected togetlua* by means of a head- 
ing, which accordingly runs (‘ither along or parallel to the centre 
line of the tunnel. In .soim* cases the heading runs along the 
centre lim;, whihj thr w<jrking shafts lie tit one side, and are con- 
nected with tin; nuiin Invading by cross hetnlings. 

Win'll Ji tunnel i-iins IhriUigh ti stc(‘[» hill, near or paralUd to one 
of the siih's of tin; hill, cross In'adings opiuiing above; ground at the 
hillside may hi; us(‘d instetnl of working shafts; but such cases 
geldom occur. 

In tunm-lling through soft and wet ground the most convenient 
l(‘vcl for the ]u*incipjil hetiding is tit or near the bottom of the 
tunnel, [n hard tind dry materials it may be placed near the ix)of. 
Ollier positions will Im‘ mentioned farther on. ‘ 

I I. 27ie least Dnnensions of a Heading in which miners can con- 
venienCiy wiu’k tin* tibout o feet broad and or 5 feet high. 

I II. Headings ta Solid Uock are driven by blasting and quarry- 
ing, /is to which, sec Article 207, p. 344. 

Machinery is (*inployed in large works for driving headings, 
aiul an early application was made at the tunnel through Mont 
(J(‘nis. It consisted of a miiiilM*!* of horizontal jumpers, driven 
tit tin* rate of al)out blows per minute, by means of air com- 
pn'ssed to live atmnsplu'res, aiuI conveyed into the inim; through 
pilies. The air wtis supplied and coi pressed by hydraulic 
machinery near the outer end of the mine. Since that time 
great improv<*ments have been mad*' in the machinery employed 
lor excavating in rock. The jumper lias be€*n replaced by the 
drill : these drills have sliarp cutting edges, and arc driven at 
a high rate of speed by air pressure. Various kinds of powerful 
explosives (see p. 348) can now ’oe obtained. The difliculty of 
ventilation in long tunnels can be largely got over through the 
use of clcctricitiy as a motive power for tin; tiaflic. The summit 
of the Mont Cenis Tunnel is f,215 feel above sea level, that of the 
St. (Juthard 3,780 feet, and the Simplon 2,313 feet. (See also 
pp. 6JiO, 59G, and 810.) 
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IV. Timbered Headings, — Headings in loose and soft materials 

are lined with timber, the princij)al pai*ts of the timbering being, 
as in other cases of the tiinlirring t)f exea\ atioiis, horizontal pieces, 
props, and poling boards. Fig. 271 is a loiigijiulinal section of a 
heading in earth ])rocecding ifi the din'ctimi ^lowii by the aVrow. 
The frames, or “ settings,” arc ]>laee(l at frnui 2 to 3 ^eet ajnirt, and 
are made of round timber o or (> iiielies in diameter, .so that the 
piece.s can be easil}’^ handled by one ' 4 ian. TJic section shows the 
ground-sills re.sting in grooves cut in tia' floor, tlie props stand- 
ing on them, the u})j>er horizontal • .-ailed “ cap-.silJs,” 
resting on the props, and the ]K)ling board- firiveii between the 
settings an<l the sides and top of the 
excavation. The.se boards are usually 
from inch to an inch thick. In run- 
ning .sand and other soft ami wet 
materials, ])oling boards anj laid 
under the bottom sills also, .so as 
completely to enclose the heading ; and 
straw is pack(.‘d behind the boards, 
to keep sand from running in through ^ 

the chink.s. Tin; operations of carrying the ht‘;iding forw ard are a.s 
follows: — Drive a set of poling boards fniward int(> (he earth, 
betwx'cii the last setting and tin* forwanl i-nds of tin; last .sot of 
poling boards; then oxeavati* tlie earih within the new set of 
boar<ls, and inserts a new setting, and ,so on. 

V. Precmifionari/ ^ Jjorhifja. — In dri\iiig a •mine through 
ground in which it is possible that e;iviti(-s containing* large 
quantities of water may he encountcTod, I borings ought to be 
carried forward both directly , and obli<iuely in advance of the 
mine, in order that the neiglibourhood of such caviti(‘s may be 
ascertained in time to guard against smhh-n onthr«*ak.sof water into 
the mine, and that the wah-r aciaimnla(<-d in them m.iy e.seapc by 
degrees and without danger tliroiigh a Ijore-hole. 'Ihis precaution 
is e.s]>ccially ncci‘s.sary in approaching old jiiis, f nines, or tunnels, 
whieJi are very generally foiiinl to he full of w' a ter. ^ 

V' I. The Cost and Lidhtur of all things included, such a.s 

blasting, timbering, removing- water, lights, ti-nqioraiy rails and 
waggons, itc., vary from tive* times to tw<‘nty limes the cost anrl 
labimr of excavating the same (piantily of the ‘^anu' inaleri.al in the 
open air. 

393. TuuiicIm III i>rr aii«i Noliii Kork an; in g(Mieral <'xca. rated by 
driving. a heading immediately below the; intended roof of the 
tunnel, from which heading the (ixcavation is extended skV'W'ay.s 
and downwards by blasting and quarrying. • 

TLo.se opei'ations require larxuu* to the extent of from tlircc-foiirths 
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of a day’s work to three days’ work of a miner per cubic yard of 
rock, according tfi its hardness, being considerably more than is 
required in tlie open air. 

Tlie INI out ( ’ell IS and »St. Gotliard ’Ii^iinels are about 7 and 9 miles 
long resp(‘eti\ ely, and were cut Jliroiigli the rock by means of drills 
driv<»Ti by air coni|)i'essed by water power. On account of the ends 
of the :Mont^Cenis Tunnel being vi.'iible from the .summit, the 
ranging 'if tin, ( (‘litre lin(‘. wa.s aecomplislu'd by means of a tele- 
.scojie set in a tower. The„ St. (lothard 'J'unnel was set out by 
connecting the ends by a .serii‘s of triangles, the intervening ground 
jn-eventing a direct (djser\ atioii, as in the Ibrincr ca.-e, 

'J’lie JMersey and S('vern TnnneJs, compleLi il some years ago, are 
about and 4J, miles long re.spectively, of which about one-Jialf in 
each (?ase is under water. The Mer.s y Tunnel is 20 feet wide and 
2'\ feet high ; it is cut through sandstone lock, and lined with 
brick in e(‘m(‘nt. ’J’b<‘ S»*\ern ^Tunnel pas‘«(“(l through sandstone 

and shale ; it is le(‘t the lining being brick in cement 

2 t(j 2 f(M‘t in thickness. (See p. SlQ.j 

.’11)1. 'I'liiineiH ill iir> Roric iHMpiire, bri(*k or .stone angl- 

ing within, (o guard against tb(‘ fall (»f ])ortif)ns of tin* roof. The 
in(*sl. eonvenieiit w'ay lo inak(‘ lh(‘m is in g(‘n(‘ral to coinin(‘iico at a 
Jie.ading running Jilong elos(‘ below' Ibe roof of IIkj oxnravation ; to 
(‘xt(Mid the ('xejnaiioii sifhwvavs and downwards to the floor at 
eaeli side of ib(‘ lunnel, leaxing a wall of rock standing in the 
middle. This wall is used as a pi(‘r to support t('inporary props 
(should such be i-equircd) for the loof of the excavation, and also to 
sujiport tlu‘ ceidiH'S for the arcliing, wliieli is carri(*d foiwvard as 
close Rebind the excavation as the eonvoni'ence of working will 
.admit. Wli(‘ii tb(‘ arelnng is eonqilete, and the cimtres struck, the 
central wall of roidc is cut aw.ay. 

All hollows between the brickwairk and the rock should be care- 
fully fjllod with coiiereU*. 

The labour of cM'eutiiig brickwork in tunnels (including cost of 
lights) is Jiboiit dmibh* of that of (‘xecuting the .siiine (juality of 
brickwork abox^e ground. 

,‘195. Tuiinrla in Wolf iTiiiii'riain, xvlicther sucli as are .soft from the 
fir.st, or sucli .as Ix'oome soft by cx])osure to air and moisture, like 
some kinds of clay, recpiire timbering to .sujiport the side.s and top 
of di(' excavation, eoiistnieted on the same jirinciples with that of 
headiiigs. 

In such tunnels a jinncijial li(*a(liug is in genei-al required at the 
level of the floor, for jmrjiosc's of drainage. 

The excavation of the tunnel is carried on in various wavs; that 
which ..will here he described is tlic method of which a detiiiled 
account is given by Mr. Simms in his Practiml Tunnelling^ as 
having been pmetisod at Blechiugley tnnnol and Saltwood tunnel; 
the fomcr in blue shale, and the latter in sand. 
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The tunnel is executed in hnfjths, eacli of about 12 or 15 feet. 
TJie.se are ilesignati'd as follows, in the order in which they are 
ex('cuted : — • 

iSide Ifiifffhs, on each side fd‘a AVf irking shaft. * 

Leadi/iff lenfilhs^ in ]»rolongal ioil of the timnel from the .sidcdeiiglhs. 
Jnnctwn fe/njfltft, where two jiorlioU'' of i tunnel i^e(‘t midway 
bet.wei'n two sliaft>. 

JSha/t lengths, directly undiu* the working aft.-^. * 

The iirst ojierathm in commonring a s'dr le.'uling lenglh. 

or junction length, is to drive a heailing at tlr imiC the e\ra\ alien, 
whose roof mu.'-fc bi' 1,} or 2 fet't above Ih j o nded tnp nf the 
brickwork. 

From tliat heading tln‘ ex<*aAatinn is extended .sidewa\s and 


dciWrnvards by a [iiH)et‘ss <‘xaetly 
like that of dri\ing a ln‘ading, ;;s 
slinw’ii in tig. 272, which is a eross- 
section of the excavation, after it 
has been extemhal a short di.stain*e 
to the right of the top lu'ading. The 
earth is supported hy poling l>oar«ls, 
wdiicli are .snjiporled by strong hori- 
fontal tiniber.s called bars, or 10 
ineh(‘.s in diameter. Th(‘ after «‘nds 
of these bars are .sujjport(*d, — 

In side Icngtli.s, by props ve.-lnig 
on the framework of,tlje working 
uhaft ; 

In all other lengths, by ih(i t<»p 
of the arch of the jn-cvioiis leiigtl^; 

And they are kejjt asunder liy 
four or five short struts betw4*(Mi 
each pair. The forward <;nd.s of the 
bars rest on i)rop.s, eacli of wliieli 
stands on a foot-block. 

Fig. 273 is a longitudinal .section, 
showing the timbering of tin; ex- 
cavation of a length of the tunnel 
when coniplcte; the piece.s bcang 
Jetlerod in the order in which they 
arc put in. 

A arc bars already men lion cd, 



covered with poling boards. 

B, props resting on foot-bJock.s, ainl covered with poling bgards. 
When the excavation has been carried down 'to ^he level of the.se 


foot-blocks, there is inserted — 
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0, a stnmg sill lo inchos square), scut down in two pieces 
and scarfed l(>;,aiLli<‘r. It extends coinpletoly across the excavation, 
and or 2 feet into the earth at<‘acli side; and at first rests on 
tin* earth 

i>, props ins(‘rtod so as to reftt on the sill C and support the 
li.ir-s A. l*’vic(‘S ar(i now cut to receive 

K, sti ufs, L or .‘J in number, 10 inches in diameter, or thereabouts, 
\vIm)m‘ forward ends abiili at^ainst the sill C, and their backward 
ends ill sid(j lejjuftlis a^ninst the timbering of the shaft, and in 
olln r lengths against notclajs in the completed brickwork. 

'I’he excavation being by degrees carried down, therr^ are in 
sorted — 

h\ raking ])!()j)S below the sill (J, standing on foot-blocks, and 
covered in front with poling boards. When the excavation has 
bi'en eanied down t») thc5 levtd of tin* fo(jt-blocks, there is inserted — 

(J, a lo\V(‘r sill, similai* to (J ; and this is ultimately sujiported 
and kept In ils phie<‘ by struts I and raking props K, in the .same 
manner with ( '. 

ij is part of tli<! bollom heading. 

^riio botloni of the exeaiation is formed wdth great accuracy to 
receive llio in veil, or in\ erted arch, wiiieh forms the base of the 
briekwi)rk, fin* lo\els being set out as described in Ai*ticlo 70, 
p. 1 10. I'ho iinert and sidewalls arc; built according to moulds, as 
d(‘seribed in Adicle 2d2, p. and the arch of the roof upon 

centre's, consisting of thre'o ribs under cacl/ length. The best 
eentres ]iave‘ribs of iron, wuth scrc\vs n/uler each laggin. The 
cenfci’os arc usually siipporto<l on cross sills, which are themselvo.s 
sup])orted ]iartly by ])osts resting on tin* floor, and partly by their 
emls iH-ing inserted into Imles iiuthe side walls, which are built u]> 
after tin; eentr(‘S an' struek. 

After the briekwoi-k of a length has been built, most of the 
erowji bars wliirli lie above the arch can bo ])ulled forward so as to 
s(*rvc for tluj lu'xi length; those which resist this must be left. 
All S[)acos bet\v<‘en tlie brick w'ork anti the earth must be cjirefnlly 
rsimmed up. 

The following was the distribution of the cost of Blecliingley 
tunnel, according to IMr. Simms 

% 
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JMiscellancous,®. .. 


»• ■ * * 
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Carried furwartl, 


62 



tl’iN.nkllim;. 


509 


Brought forward, 

Labouk. 

Mining — Sliiifts, headiiif, lin*., # 3 ^ 

„ Tunnelling, prj 

Brickwork, 

M ISCELLA .N EO 1’ PEN 1^, 

Such as tunnel entrances, cuherl, n^ic!':i'( >y^ 
buildings, inspection, ttc., 

The total cv)st [K‘r yard forward was about X72; the clear 
dimensions of the tunnel being 21 h'ct. X 24 fet^t, and the briekwork 
from 1 foot 10^ inches to 3 feet thick. 

The form of cross-section is tliat already given in* fig. 2 GC, 

p. 588. 

396. Tuiincl Pronts — — A tiuinel front consists of sj)an- 
dril walls above the arcli, and wing walls at eacl) sid(‘, like those 
of a bridge. To secure the end of the arch against the tendency 
of the slope of earth above it tc» push it ontwarHs, it may be tied 
back by longitudinal iron rods to a horscsbof'-sliaped curb of cast 
iron, built into the brickwork at a distance hack from the front 
about equal to tlu* hftight of the tunnel. 

A tunnel which has j^o invert may ho drained by means of a 
pair of side drains, like a cutting; but when' tluu'i* is an in v(Tt,Hhe 
main drain should bo a central culvert, of whieh the in\t!rt itself 
may form the floor. p . 

A catch-water drain should divert the surface water whieh might, 
otherwise flow over the tunnel front. 

397. TunnvIlliiK Jn iVIuil. — The celebrated tiinjud of Ihe elder 
Brunei under the Thames consists of a reetaiignliir mass of brick- 
work laid in cement, 37*5 feet broad and 22 le«*t liigii, e«.ntaining a 
pair of paralh'l liorseshoe archways, each 1 I fe(‘t span and 17 feet 
high, which are connected tog<*tJu;r by small cross ai<*hwa 3 'S at 
intervals, 'i’he least thiekne.Ksesi of tin* brij-kwork are, at the crown 
of the arch 2 vJ feet, at the base of Uic in\ert 2 .J fe(it, at tlie .sides 3 
feet, in tlio central wall 3i tect. The whole mass of brickwork 
rests on a base of olin planks 3 inches thick. 

In driving this tunnel, the place of the timbering of the ex- 
cavation clescrihed in Article 395, was ,siip])]i<*d by a machine 
called a ‘‘ shield,” which was pushed on in advance of the buck- 
work at a distiinco of about eight feet. The shield was of the same 
dimensions with the mas.s of Driekwork. It consi.sted of twelve 
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<;qual and similar divisions standing vurtically side by side, and 
capable of being ])uslicd forward to a short distance independently 
of ('aeli (jther. J^aeh division oonsirsted of a cast- and wroiight-irou 
fraiiK; about o I'jet broad (\o allow a small sj)ace between tli« 
framrsj, coiitaiiiing three stage.^ for workmen. It had two cast- 
iron feet, ly'sting on the floor of elm planks ; on these feet it was 
Mipjioi ted bj a pair of hinged legs of lengths adjustable by screws. 
It. Ij'afl an iron roof extending back to the l)rickwork, and a pair 
of* j.iek-serews at tin* to]> and bottom, abutting against the front 
4 nd <it' th(i brickwork/ to push it forward. 'J’ln. cev'eral frames 
were connecbnl tog(‘ther by hinged arms, nearly vertical, to enable 
them to afford siijiport to each other when required. The spaces 
at each side of tin* shield, extending back from the face of the 
e.xcavatioii to tl»e brickwork, were guardtal by iron plates. Each 
frame had iti iVnnt of it, (extending froin loj) to bottom, a range of 
poling boards; each poling board was .‘5 inches thick and 6 inches 
lu'oad, and was pressed again.st the material in front by a pair of 
small .jack screws abutting against the frame. A railway now 
]»a'>ses Ihron.gh this tiiimel 

Iron tunnelling iiiuha- air pre.ssure is adopted in soft ground. 
T/ie rings arc /)f cast-iron s<‘gment.s, bolted together at flanged 
joints, tin* latter being made water-tight. To insure tightness, 
till* . joints are sometimes iron to iron, and in other cases, wooden 
Nvedges, rust, or cement have been used. The work is done under 
air pressure, and “air locks” iiavc to be provided for the work- 
men. The umouiit of pressure will vary witli the conditions 
oul^iile the tunnel. Thus, if the work is below the bed of 
a tidal river, tbu ])ressurc n^piired to kec]) back the water will 
vary witli the height of the tide,^ 

'I’he air locks are small chambers made of steel plate, with 
.suitable doors and fittings fur the .supply of air and water and 
passage of materials. 

'I'lie diameters of some of the more important iron tunnels are 
as follow's : — 

KlarkwaP Tunnel, London, . . a feet internal diameter. 

Waterloo and City 'funnel, Loudon, .12 ,, „ 

St. Clair 'J’uiiiiel, U.S. A., , ... . 19 feet 10 inches internal dia. 

( I lasgow Harbour 'runucl, . . . 16 feet internal diameter. 

' (rlasgow District Subway, ... 11 „ ,, 

The air pressure under which the work can be carried on with 
safety dejamds on various conditions — about 30 lbs. per square 
inch being a pos.sible limit, although higher pressures have ob- 
taiiYod. At pressures of 25 to 30 lbs. the working hours should 
be Jess than with lower pressui'cs, and the length of time allowed 
the men to pass from the working pressure to the atmospheric 
pressure should be bicrcased. (See also -.-p. GOl and 801.) 
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.TIodern Typical Kxanipicii. — 

tlu* Thames tunucl was made brK)\v 
the river in the early part of tliv pr*'- 
Benc century, the dillioulties atj tlu> 
doubtful tiuancial result^ of siujli .i 
means of cross-river commimieatidii 
have deterred <'iigineers and investors 
from adopting this nietluxl of commu- 
nication untiJ comparatively recent 
years, when tlio growin*' demand for 
means of transit and the improvements 
in the eonstruetion of materials and 
machinery, with the reduced (ost at 
which these could be supplied, ha\f 
caused the evident advantages of such 
a method of cross river communicate >n 
to be once mon? taken uj), and now we 
are CMiabled to enumerate several under- 
takings of this kind which have been 
brought to a successful issue by tlui 
skill, resource, and perseverance of the 
engineers, contractors, and workmen 
engaged. 

Of the tunnels which have in tiji?> 
way been construct wl sjiecial meiiMon 
may be made of the Tower Subway, 
the IJlackwall Tunnel, the HudMui 
lliver Tunnel (nut yet comjdeted), 
and the St. Clair Tunnel, (For dimen- 
sions of these and other tuno.els* see 
p. GOO.) 

The Tower Subway, which crosM-.s 
underneath tin* Kiver Thames, near 
the Tower, was constructed in 18G8 ; 
its diameter is G*7 feet, and it is the 
first tunnel which was lined with cast- 
in »n rings. A .shield was u.sed ; but 
as the tunnel was wholly driven through 
the London clay, compressed air wa.s 
not required. In many ca.se.s tlni 
material to be tunnelled is so soft that 
it would flow into, and impede tlio 
working if not kept back by means of 
air forced into the workings. 'I'liis 
method has been frequently adopted 
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in iho sinking' of cylimlers for tlic jiiera of bridges (see pp. C07 
and 801 ) ; imd<n- siicli circumstances ilie clifliciilties are very much 
inoroased. In the works at tlie* Hudson River and St. Clair 
Tuniiols, co!n])r(‘.s.;c<l air was used,^' and lately at the Blackwall 
Tunnel tin; sanur system liad*to»be adopted. This tuniiei is the 
hirge.sL ytif^made, lined with cast iron, and worked by a shield 
ninl e<)mpres;:(jd air. 

Sc Fin; other works in this country have also been carried out in 
this manner, notably th(» C^ty aiul South London Electric Railway, 
the Glasgow District Subway, the JMound Tunnels, Edinburgh, 
and the Glasgow .1 lari on r Subway. The diagram on p. COOa i.s 
from a paper read by Mr. E. W. Moir,. M.Inst.O.E., on the Black- 
wall Tunnel, before the Society of Arts, 1896, and grajdiically 
shows in longitudinal I'^^etion this im]M)rtant undertaking. As 
i,, , described in the paper, the 

main features of construction 
r ^ enumcTated as fol- 

““ rHl ‘i ” i l lows Fonr shafts liaviug 

I '■'’‘[I b«*en sunk in the positions 

^ J I * Ir * jt iJB ahown on the figure, the tun- 

1 1 f ’T*Tf tiriven, partly 

(Itf 'l R I flu'ough sand and clay beneath 

tJie river and for a cousider- 
I ' "'ll c f jftri length at an incline iindor 

I I f[ n |"-Hi • I the banks. 

ijl''!.' 11 '^'r^ R' shield of a special eon- 

rVilll U-'tV st ruction w'as used (see tig. 

4f_- — y -73i) and of the following 

K (linieiisious: — Diameter, 27ft. 

length, 19 ft. 6 ins. 

I ^ f ( ‘ V~3.* S Four thicknesses of ^ in. steel 


lT£j;i[ jj .-L.i leugth, 19 ft. 6 ins. 

I ~ I " S Four thickiuisses of ^ in. steel 

j)latc w'cre uschI for the outer 
j-i jj the face being divided 

by girders into Avorking ebam- 
ber.s. There are tliice horizontal ginlei fitted carrying the cutting 
edge.s. Air looks wi*re pro\ided for tlie passage of the workers, 
ami similar arrangements acted as shoots for the excavated material. 
By means of hydraulic jacks the snield was pressed forward, and 
the ''ast-iron segments were fitted in beliind, and the space left 
vacant through the different diameters of the shield and tunnel 
■was grouted with lime. In thi.s way the construction of the tunnel 
proceeded at the rate of about 2o2 fx et ])('r month when under the 
Thames, except at a part where a bed of* gravel was met with, and, 
the cftm])r(‘sseil air escaping through the hod of the river, cairsed 
delay. At one point the crown of ithe tunnel came within a few 
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feet of tlie river bed, and quantities of clay, as in other ea>es of a 
like nature, were thrown in to keep the woi kinsr li^ht. One of 
the moat important arningenruits in tlu' 'oii.t luetion of siich 
tunnels is the air lock througi w hieh the nu'ii |niss to work. It 
has been proved that the passage /niiii ih«‘ liigh t<» tlio lo\t pressure 
on corning out should be gradual. (Sc'c also j). SOI.) It "*>a3 found, 
at the works of the Hudson Tunnel, that where th^ air pressure 
was fts much as 3.') lbs. per square inch nimu'rons cases of paralysis 
occurred ; but that by placing the siilleivli's in a speci.'illy pre|)ared 
compressed air chamber, and tirmhin^hj re<in« ii / he pressure*, and 
so equalising it during an interval of about ii.oi iii hour, the men 
were quite rest oretl. 

Section II. — ()/' Timber^ Iron, and Sa'imi’njeyl Foanddlionfi. 

311S. tiiriiernl Mubiii<‘r^t‘tl Foiiiicliilic»n*t.-- -The ,'enei‘al 

principles alrea<ly explained with refereiu-e to ordinary foundations, 
viz., that the base shoidd be as nearly as ])()SRible ])erpendicular 
to the resultant j)ressure, and that the ct'iitre of ))ressure should 
not deviate, fioni tlie centre of figuie (;f the base beyond certain 
limits, are a])plicable to tlie foundations consider^'d in the pn'sent 
section also. Tlic matliernatical expression of those princi]»Ies has 
been given in Articles 23(1, 237, p]>. 377 ti> 3S0. 

In ealculations lespi'cting the stability of sirucfurcN whose 
foundations are subineiged in watfu*, it is to b(5 home in mirjd that 
the pressure of the wattTou the imiiuTsed ])artorth(‘ strnctuie has 
the same oihict as if the wmght of that part wen* dirirtnislied by an 
amount equal to the w eight of an equal vi>luine of woiter ; tha^ is, 
as if the heaviues.s of the immersed part of the structure wen; 
diminished by C2'4 lbs iier cubic foot. (See A i tide 107, Divisii'ii 
IV., p. 165.) 

399. FoiiDfliilioiii* on Timber l*lniroriii<4 are employed wlu'ni tbc 
ground is too .soft and wet for the exjKalieuts meqtioned bi Aiticle 
239, p. 381. The best Kuropean timber for .''■n<‘h platforms is elm 
or oak. Beams of from 10 inches to 1 foot srjuaie .iiv laid ahout 3 
feet apart, in two layers, cnj'Jsing each other .*<0 a.-; foi-in a grat- 
ing, the apace between them is filled wdth eoncrete, ami abovi; 
them is laid a layer of idanking, 3 or i inches thick, on which the 
building rests. Another nuKle of con.stnieting auch jilatforma to 
lay several layers of ]»lanks and ]>in them t(»getlier. in order that 
timber platforms may be durable, they ahf)uld be constantly wvX-. 

400. FoiiiiclafioiiM on Iron Flnlform**. — As a pr.ictical example 
of a platform of this kind, may be c)te<l the cast iron invert which 
was substituted for a stone invert in a lock at (Iraugemouth. 
The lock is 30 feet broad ; tlie depth of w’ater 18 feet 0 inches; the 
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Bide walls about <S feet thick and 20, feet highj the invert in 
question consists of a series of trough-shaped cast iron girders, lying 
clos^^ togotljor side; by side, and bolted to each other through their 
V(‘rti< al .sid<‘s; ea^*!) of tliein is 2 l^et broad, 21 inches deep at the 
si)i inging, *2 inc'.es deep at tne ^'eutre of the invert, and 2 inches 
lliirk , (a. |i of their vertical sides lias a flat horizontal Haiige at the 
to|», I inclu sjjroad. The trough -shaped interior of each girder is 
lilli d with concrete, covt'red with a layta* of bi’ieks laid in conient. 

101. !<iiiort are dr'Veii in order to compress and consolidate 
the soil. They an? usiedly of round timber, from G to 1) incliqg in 
diannder, and from h* to 12 ft‘et h)ng, and arc plaiiti*d as close to 
each otluM- as is practicable without causing the* driving of one ])ile 
to make the otliers rise. Tlie outside row of jiiles should be driven 
first, UnMi tin? next witldn, and so on to the centre. The mass of 
consolidated soil and piles thus ])rodnc(jd may be regarded, as 
respe-cis tlu; relation l>etwt‘en its hnlk and the load that it can bear, 
in th(? sa.nie light as if a trench Jiad hei'ii dug of the same volume, 
and lilh'd with a stabh? material; as to whi(‘h, Article 230, 
p. 381. On the top of the piles may he placed i‘ithor a platform, a 
layer of concrete, or boih. 

■102. Ifearliijir Fiir« act ns pillai s, (‘aeli .supporting its share of the 
weight of the hiwJding. TJiey may eitlier 1)0 driven tliroiigli tlio 
soft stiatum until they reach a (inn stratum and iHiiictrate a short 
distance into it; or, if that be inipmctieable, they may be supported 
w body by the friction of the soft trat um. It appears from ])raetieal 
examples that the limits of the safe load on piles are as follows: — 

I'Or piles driven till tliey r(‘a(*h the firm ground, 1,000 Ihs. per 
square inch of aiva of head. 

. For piles stajiding in soft ground by friction, 200 lbs. [>er square 
iiicli of area of head. 

Tlie diameters of long pih's range from 9 inches to 1 8 inches, and 
should nev(;r he luvs than l-20tli of the h‘ngth. Their distance from 
centre to centre averages ahont 3 feet, aiul is seldom less than 2J- feet. 

The host material for them is elm, whicli should be chosen as 
straight-grained ns possible. The bark should be removed, and 
knots or rough projections smoothed oil*. (See p. 41G.) 

<. Piles .should bt' driven with the Uutt or natural lower end of the 
tiniker downwai-ds. It is rongidy .sharpened to a point whose 
length is from 1.* times to twic(' its diaTucter; and should stones or 
other hard mnitnials occur in the si *ata to be jiicrced, the point 
must be fittisl with a “ shoe" of cast or wrought iron, fastened on 
with spikes. The weight of thesi? shoes averages about 1-lOOth part 
of that of the jiiles. 

To prevent the Ix’ad of a pile frc^ii being split or bruised by the 
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blows of the ** ram^' used ii» ilviviiig it, it is bound witb a wrought 
iron hoop. 

Pile-drivniig engines are o£ Various kinds. Tijt* simplest is the 
** ringing engine^'' in whieh tnc raiy, weighing ^ihn’it 800 lbs., and 
moving betwe<*n timber guides* is attacln'd tf)*i)ne «d*:i rojxi 
which passc's over a. pullt^y. The oUie. end of the rojni f -anclieM out 
into a nuinbor of sinallei* roprs, earh lirhl by a iuh.j, in the pro- 
portion of one man for eacli -10 Mk. w-rigbt of the ram, or there- 
abouts. Tlie men, pulling all togrtlirr, rift the ram 3 or I feet, and 
on;a given signal, let go all at onn*, so as >n tin* bead of tho 

pile. It is found that tliev work most ellbi ti-. . w hen, after every 
3 or 4 miiiiitos of oxertion, thoy haM* an in(or\al tif rrst; and under 
these cirenmslanei^i tlu'y can give aboui. t>i* UjOOO blows ]»er 

day. 

In th(* tiK’iih'g **ng‘ntc," tho ram, wrigbing about 4()() lbs., and 
held by a stajile- in a [»air of tongs, is drawn u]) M) let;t, !/> 'eet, or 
higher if iiee(‘ssary, by means of a windlass; at the to])»of tbe lift 
the handles of the tongs come in coidaot wilb (wo inelined planes 
'which cause them to let the ram fall; tb<‘ tongs arc' then low^ered, 
and have jaw's so shaped that on r(‘ac liing (bo staple' at tbe top of 
the ram they lay hold of it again. Tho windlass*may be drivcm by 
men, hor.ses, oi- stc-ani ]»ow('r. * 

The steam hanimei’ is sometimes u.s«*d for driving pib'.s; ainl also 
an i igine soniewbat on tin* .s<nne piineiple, in wbieb tlu* ram is 
lifted by the pressme of eompn "'od air. In sneb maeliines lam.s 
of grc’at wc'iglit aro SMiiietimc's ummI, smdi as 1 toii, or a ton and 
a-half. ^ 

Piles may be drivc'ti in a direetiou eilln*!- vertioal or rabing, ae- 
cording to tbo [)(>siti<m oi tbe guitles between wbieb tbe ram slide s. 
That direetion should be. parallel to that of tbe j)res.surc wbieb they 
are to rc'sist. 

When the head (»f a ])ile is to be ilriven bel(>\v tbe reaeb of tbe 
stroke of the ram, the blow' is transmitted fioni tlio j*am to tlui ]»ile 
by means of an iiitermeniate short post of tindjor e.dlod a ^‘pif.nchj* 
or dolly." 

According to some of the be.'^t aiit]n)riti(‘s, (be; t^st of a jjih;’s 
having been sullicientJy di-iveii is, that it slmll not be driven nioro 
than one-Jlfth of an iueli by thirty Olnws of a i-am w eighing 800 lbs. 
and falling 5 feet at each blow ; that is to say, by a series of Slows 
'whose total mechanical energy amounts to 

30 X 800 X 5 = 120,000 foot-pounds.* 

* The following formulae show the relation between tbe blow re^gjired to "drire a 
pile a given depth, and the greatest load that it will bear witliout Kinking further, 
supposing it to be supported by an uniionnly di&tributed friction against its sides. 
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Piles are drawn^ wiiiiii requmul, by means of the hydraulic 
press. 

When ji finii .str.itiini, into which*the ])oints of a set of piles are 
driven, neilei lies Jr sti’atum so, soft \ hat their lateral stability is 
(lonblfiil, a, luass of loose stones may bo tlirown in round them to 
give tin HI Li ,'.; steadiness whicli they want. 

Alt(M- 1.1 m: ^Iriving of a set of ]>ile.s has been completed, their 
heads a lo be sawn olf to the height required for tlie sup])ort of 
the platlbrnu 

'riie sol t ground rouinhthe tops of the piles is then be scooped 
out to a depth whieli in ordinary cases ranges ironi Ji to «;■ feet, and 
the space filled with hydraulic concrete, laiil in layers not exceeding 
1 foot dei‘p. 

'fhe platforin supporUM by the ]>iles consists of a grating of 
beams of 10 or 1 ’J iiu hes s«piare, calh'd and C7'uiis-pieces, 

bair-nol,e,hed intn each «ithcr o\er tlie l)(‘mls of the ])ilos, to which 
they are h'^e<l by tn en.iils, an«l eover(‘d with planking .‘5 or 4 inches 
thick. 'Idle. sjuuM s betwi-en tin* lieains ol‘ the grating ai‘(‘ to bo 
lilhid with hydraulie <*oneiX‘te. d'he beams on the top t)f tin* outer- 
most rows of ])iles are usually made so d(,‘ep that their upper 
surfaces ju'c flush \\iili that of the planking, wJiich is rahhateA info 
tlM'in ; t hat is, surik in a groove. TIu/se beams are in this case 
eall(Ml (he atjtjnuif. 

I‘ih:s maybe dri\en into roi*k by first juinjfmg holes in it of a 
little less diameba- than the pile.< 

h\»r cast innh pih\s, the. best form is that of a tube. To prevent 
tlieW be'iig brnki'ii by the bl«>w.s t»f the ram in driving them, a 


Let W 1)0 the of the ram. 

A, tlio height liom wliioli it falK 

T, llie iloj)th tlir<)u:;h whicl) tho pile is <lriven by the Inst blow. 
P, the groatt'^l load it will hear without .sinking farther. 

S, the .section. il aica of the pile. 

/, its length. 

E, its moduluH of elasticity. 

Then the energy of tlic blow is thus employed:— 


W A = 


V- 1 
4 K S 


(employed in compressing th'* pile) + P ap (employed in driving it)) 


and consequently, 


= V(-*r 


2 KSz 

i 


I'ilus are usually driven until P, as computed by this formula, is between 2,000 
and 3,000 lb.“. per .square ii;ch of the area S , and as their working load ranges from 
200 to ],0t)0 lb«». per sqn.are men, the factor of safety against sinking is from 3 to 10. 
The factor of safety against direct crusiiiog of the timber should not be less than 10* 
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timber punch is interposed between tlie lietul of the rjini jiiid tlui 
j)ile. The best mode, however, of driving them, is by the iiid of 
the screw, which will be meii|ioned in the next m lielc. 

403. Screw Pilc«, the invention *>f Mr. ^Mex^mler MitcJiell, are 
piles which are screwed into tile stratum in whieli l^ey ai’c to 
stand. The pile may be either of tii.ibi r or ii*on, an« tliat it may 
admit of being easily turned alKuii its axis, slionid be'eyliiidrical, or 
at all events octagimal. The screw bla^e, whieli is lixed on at the 
foot of the jiile, is usually of cast iron, and seldom makes more 
than a single turn. Its diameter is from t\'^n'e <■. . glit times tliat of 
the shaft of the pile, and its piteJi from oin N.Mf to oue-fourth of 
its diameter. TJie la'st mode t»f driviug screw piles is to a]>ply tlio 
power of men or of animals, walking on a temporary platform, 
directly to levers radiating from the luauls of the ])iles. 

As an example may be eittul the east iron piles aln^ady men- 
tioned ill Article 381, ]). 572, as being used in the pitas of -ail way 
bridges in India. Each of these was sen^wt'd iiitt> the'ground by 
means of four levers, each 40 feet long, ami eaeh having eiglit 
bullocks yoked to it. According to tlii.s cxamplt*, the greatest 
working load upon each screw of 4 feet 0 nylies in diameter, 
exdui^ive of the earlli ami water ahov'e it, is ne.trj^y as follows: — 

Pier 25 ton.s + supers! ructure 12 + Irain 30.:_ 07 tons =- 150,080 
lbs., being at tlu* rate of m arly 

100 lbs. persqua,r'' ineh of the l*)rizontal projection of the screw- 
blade. 

As these piles are screwed from 20 to 45 b'ct inlo the t'lirlh.’^tlui 
weight of earth above each screw-l>ia<le may be talaai as ranging 
from 14 Ihs. to 31 lbs. |)er sfpiart^ inch; so that the load on eaeli 
screw blade, exclusive of the weight of (‘arlh abcjve it, i-angcjs from 
3 times to 7 times that weight, and including the weight of earth, 
from 4 times to 8 times; results whic-li corn spond with tlic theory 
of Artieh) 237, ]). 370, if the angles of re]>ose of tie' oartli bo 
assumed to range from about 28” to about 10''. (S, e p. 

For the resistance of screw piles to wnaiehing, s(‘e ]>;ig(* 502. h rom 
exiieriments by Mr. Jolin Wood, O.E., it ai)p(ars tfiat the iiict/Or 
of safety, 6, is barely enough faj* cast iron scre.w pili*s, the greatest 
bafe working stresn being little inure tliaii 4,000 l])s. per sfpiare jneb. 

404. Sheet Piles are flat piles, which, being dr iven succfessively 
edge to edge, form a vertical or nearly vertical sheet, for the ])ur- 
pose of preventing the materials of a I’mind.jlion i'ronr spreading, 
or of gujirding them against the underininiiig arjtion of water. 
They may be made either of timlxir or of iron. 

Timber sheet piles are planks having a projiiction or feather along 
one edge, and a correspunding groove alujig the opposite edge. 
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They are of any hreadtli that can readily be i)rociired, and from 2^ 
to 10 inches thick, and are sharpened at the lower end to an edge, 
which, in stony £(iYnind, may bo sh6(J with sheet-iron. 

W}i(‘n .'1 space to he enclosed with sheet-piling, a range of guide- 
piles is ill ]1; driven, being long rcbtangular piles at regidar inter- 
vals apart oi' from G to 10 feet: these are driven to the same depth 
as Ix jM ing-])iles. To the opposite sides of these, near the top, are 
notcljt'd or bolted a pair of parallel string-pieces or wales: these are 
I)f>i izunlal beams, 1 roni 5 to 10 inches sfinarc, notclied on the guide- 
piles to sncli a d(tptli as h^avc a space between them of a width equal 
to tlic ilfiokness of tiui sheet-piles. If the sheet-piles are to stand 
more than 8 or 10 f(Mit above the ground, a second pair of wales is 
required m^ar tlic level of the gi’ound. 

'fhe sluiot-pibis are driven between the wales to about half the 
dcptli of the gnid(‘.-]»U<*s, lH*ginning with the sheet-jnles next the 
gui<lo-pil(‘s, ami working towards the middle of each s[)ace between 
a pair of giiidr piles ; so that the last or eentral slieet-pile acts as a 
wedge to tighten tlni whole. 

In sheH-pHing the guide-piles may be either tubular, or of a 
form of seel ion liki; a trongh-girdca* set on end (fig. 210, p. »524). 
The sheet-])il(;s are also like trough -girders set on end, being plates 
stilfeiKid hy vertical ribs on the inner side. Their side edges are so 
foi ined MS to make over-liip[)ing joints, and their lower edges are 
wedge-shaped. 

For examjde, in the foundations of Chelsea Bridge, the cast iron 
guide-piles aie tubular, Hat on the outer side, semi-cylindrical on 
tlivTiunor side, 1 2 inches in external diameter, and 1 inch thick, 
and are 27 f(‘et long; the slu'et-piles are cast iron plates, 10 feet 
long, from G to 7 I'tHJt broad, and 1 inch thick, stiffened by verti- 
cal rilis, which arii from 4 to (i inch(*s deep, and from 10 to 20 inches 
apart, and by one liori/ontal rib of about the same dimensions at 
the upper edge. 

40^, X'iiiiber and Iroii-CaMcd Concrete FouudnCions. — In founda- 
tions of tin's class the building rests on a mass of concrete (as to the 
strength and dimensions rff wliich, see AHicle 239, pp. 381, 382), 
tliat mass being cased with sheet-piling of timber or iron, such as 
that described in the ])vece.ding ar^iele. 

'Hie sheet-pile casing is construct'd first, and is sufficiently braced, 
transversely and diagonally, to enable it to resist the pressure to 
which it may be exposed, whether of water and mud from without, 
or of concreti, while in tluj soft state, from within. The soft ma- 
terial within the casing is then scooped out. 

The concrete should be that described in Art 230, ’ p. 374, as 
i^ron^ hydraidic conc'^ete, or ^^beton," and should be laid in layers of 
abojiit a foot thick, each layer being^ either well rammed or thrown 
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in from a stage at least 10 feet high. Time should be given for the 
concrete to become firm before a heavy load is |»laced on it; for it 
has been shown by recent oU^irvations tliat intense pressure retards 
the setting of concrete. , 

The casing, besides facilitating the excavation rf a ^cd for the 
concrete, serves to protect it after wauls from injury by siieli causes 
as the wearing action of a rivta* current. When tiie casing is of 
iron, it is capable of bearing also a sliai^‘ of tlio load. 

Sometimes a timber or iron-eastid mass of cuiicrotc is combined 
with a system of bearing-piles, as flescrilH‘cf in \ iiiclc 402, pi). 602 to 
604. 

406. Iron Tubular FouncIntiouM consist of large; hollow vertical 
cast iron cylinders, filled with rublde masonry or concrete, such as 
have already been ])artly described 
in Article 381, pp. 572, 573. 

The gtmeral ronstrnction of such 
C3dinders and the mode of sinking 
them are shown by the vertical 
section, fig. 274. Amongst the 
auxiliary structures and machinery 
not shown in the figure are, a 
temporary timber stage from which 
the pieces of the cylindei- can b(' 
lowered, and on which the ex- 
cavated material can be carried 
away ; and a steam engine fo work 
a pump for compressing air. 

The following were tlie dimen- 
sions of the engine and puiu]) us»d 
to supply air to a cyliuder of the 
Theiss bridge formerly referred to ; 
the diameter being 9*84 feet, and 
the greatest depth below the sur- 
face of the water to wliicli the 
cylinder was sunk, 66 feet, corresponding to an absolute pressure of 
3 atmospheres (or 2 atmos])]ieres, that is to say, 29- 1 11 is. on the 
square inch, above the ordiua.y atuiosjiheric pressure). I'liis is 
said to be the greatest ])ressure under which the excavatoij^ can 
work without danger to their health. (See p. 801.) 

Diameter of steam cylinder (high pressure), 8*67 inches. 

of air-cylinder, 11*82 „ 

Length of stroke (the same in both cyliiider.s),... 0^6 r ;6 ibbt, 

Number of revolutions per minute, T.from 100 to 120. 

Horsepower, ....trom 10 tq la. 



I i;;. 271. 
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From these data it appears that tlie volume of air supplied, 
measured at the ordinary atmospheric pressure, was from 100 to 
120 cubic feet per minute. It appeai^j that the number of persona 
within the cy]iiidev! at one timcewas from six to eight. 

Tlie cylinder consists of lengths dt about 0 feet, united by internal 
flanges and units. The joints are cemented and made air-tight 
with g w(;ll-known composition, consisting of 

Iron turnings, i,ooo })arts l>y weight. 

8al-afnmoniae, lo 

Flour of sulphur, 2 „ „ 

Water enough to dissolvti the sal-ammoniac. 

In sonic ex;\m[)le-s each joint is made tight by means of a ring- 
shaped cord of vulcanized indian rubber, lodged in a pair of grooves 
on the faces of the Ihmges. 

The lowest h'ugth, A, of the cylinder, has its lower edge 
sliarpened, that it may sink tlui more rt^adily into the ground. 
1'he iiitei*m(‘diato h*ngtlis, T>, 13, and the uppermost length, 0, have 
flang(‘s at both ed^^rs, up]>er and lowt'i*. I’lie portion D, at the 
top, fornis the “ bejl.” The lower edge of the boll has an internal 
flarjg(3 by which it is bolted to tlie cylinder below; its upper end 
is closed, and may be either douH‘-shaj>ed, or Hat, and strengthened 
against th<i pr<‘SMir<' <jf the air witliin by transverse ribs, as in the 
figure. In tlui example shown the bell is made of wrouglit iron 
boiler plates. 

K is a siphon, 2 or ,*1 inches in diameter, through which the 
water is discliargt'd by tli(3 pressure of the ^jompressed air. 

F and (I are two east iron l)oxe~, called “air-locks,” by means of 
which men and materials pass in and out. Fia<*h of them lias at the 
top a trap dour, or lid opening downwards from the external air, and 
at one side, a door opening t(»^\ar(ls the interior of the bell, and is 
provided Avitli stoj) cocks communicating with the external air aiul 
with the int<‘!‘if>r of the hell resjM'ctively, wliicli can be opcuied and 
closed by persons either within tlie bell, within the box, oi‘ outside 
of both. Tluist; may be called the (*scaj)e cock and the supply cock. 

'Clie bell is providecl witli a suj»ply |)ipe and valve for intro- 
ducing compressed aii-, a salety vaJvt', a pressure gauge, and a large 
escape valve; for disehargiug the cf-nipressed air suddenly when 
required. 

At the lower flange of the division C is a timber platform, on 
which stands a Aviiidlass. 

Thft apiiaratns is ivpresen ted as working in a stnitum of earth or 
mud, covered with wafer. ^ 

The 'operation of sinking a cylinder is analogous to that of sink- 



IRON TUBULAR FOUNDATIONS. 


609 


ing a shaft with a dnim-ciirh. (Article iilM, }). 092.) The first 
operation is to lower the lowest length A of tJie cylinder, till it 
rests on the earth, with as mjjtiy intermediate 1* ngths B as are suf- 
iiciont to reach a foot or two aho.ie the toj^ AmtcT-leviil, and one 
additional length C, all bolted 1»ogetlier. Tlnaf the b^l is bolted 
on. The whole cylinder sinks to a dc]>th dc])cn bug on the 
material on which it rests. The engine tluMi foiccs in air until 
the water is expelled fi’oin the cvlimlei*. Workmen, witliT tool? 
and buckets, can now pass in and out\.l)roiigh the boxes or air- 
locks. To pass in, the operation is as liiiN.v -Slint tin* supply- 
cock of the box, if not .shut already: open ili< . '<;ipe-eoek — .should 
there be compiv.ss(‘d air in tin* box, it will b(‘ rljseharged; o])en the 
trap-door and enter the b(»x; slmt tlie trap-door jvnd fasten it; 
shut the escape-coek ; open the .snpply-eo<‘k ; in a few minutes the 
box will be lilh'd with eoinj>res.se<l air at tin* same ]>r(‘ssun‘ with 
that in the bell; ojieu tbe .side door ami pass inio the ''i'll. To 
pass out, the o|>eratioii is a.s follows: — Should tin* esoape-cock ot 
the box be open, slmt it; should the .sn])j>ly-cock be shut, open it; 
the box will soon be filled witli coinpres.sefl air, if not full already; 
open the side-door, enter the box, (;Iosf^ tin* si(]e-df»f>r, slmt the 
supply-cock, open tluj escape-eoek; when the air has falliai to the 
external pre.s.sure, open the trap door and ])as.s bu(.. Soim* of the 
workmen (gcaierally two) de.sccnd by a lad(l»*r or a buck(‘t to flic 
bottom of tin; oylindor, dig away tlie earth from its interior, and put 
it into Vniokets, which arc raisAl by a. sot of mon woj king tlie 
internal windlass, and sent througb the air-looks* whence they 
are removed by an external windl:i.s.s, not slmwn in (he figure. 

So soon as the c;xcavation ha.s been eai riod down 1o tlie level of 
the lower edge of the cyJind<;r, tl^c minm s carry their tools and the 
lower division of the siphon E up to tiui platfonn ; tlio whole of iho 
workmen leave the boll; the great supply \al\e is shut, and the 
great escape- valve opened, so tluit the wliof* of tin; coinpi ossed air 
escapes. The cylinder being deprived of Uk' suj>j)ort .nising from 
the pres.suro of the coni])re.s.sed air against tin* top .>f the hell, .sink.? 
to a dcptli usually varying from one to two yards. \^'heu it lia.s 
given over .sinking, the great escajui-valvii is shut, •ami the great 
supply- valve opouod, and the operation goc's on a.s before, until it 
becomes necessary to imt on an additional length of cylimha*. 'Hii.? 
is done, while the pressure within and witJiout are equal, hy uli bolt- 
ing and taking oli‘ tlie bell, putting on a new length of cylinder on 
the top of C, which now becomes an internu'diate length, removing 
the platform and windlass n]) to the ihjw length, putting an 
additional length into the siphon, and replacing and bolting on the 
bell. . 

Ill the case, taken as an Example, each eylimh r was sunk by 
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gangs of nine men working six hours at a time ; and the earth (sand 
and clay) was removed at the rate of 15 buckets^ each containing 
•09 of a cubic yard,^I)er hour; that is^ 

^3 ’^9 == ^'33 c'lhic yard«per hour, by nine men; 

or -15 cubic yard per man ])er hour; 
or houra of one man per cubic yard. 

Tlie total volume of eai^ch which has to be removed ranges, ac- 
cording- to the stiniiesa of the material, from 07ice to three times the 
volume b)rmed by multiplying togetlior the sectional anja of the 
cylinder and tlui d(*|)lh to which it is sunk. (See pp. 791, 801, 606.) 

Oare )nust be taken to keep the cylinder upright as it descends, 
by means of stays. 

When the sinking of the, cylind(ir has been completed, it is filled 
with naisonry, or with hydraulic concrete; as to which, see Article 
405, p. OOCk About one half of tlie building is ])erforined in the 
c<nn])re.ssed air; the renuiinder, with the cylindcT o])cn at the top, 
the bell iMsing r<‘mo\ed. 

Oaro should be taken to jiack the concrete oi- masonry well 
below, and to hc(T it lirmly above, each of the pairs of internal 
flanges. * 

fn very soft materials it is sometimes necessary to drive a set of 
bearing jales in the interior of each cylinder, in order to support 
the concrete and masonry. 

Th(^ earliest, mode of sinking iron tubular foundations was that 
invjAvtod by Dr. I*otts, iu which the air is exhausted by a pump from 
the interior of the tube, which is forced down by the pressure of 
the atmosjdiere on its closed top. This Jucthod is well suited for 
sinking tubes in soft materials tliat arc free from obstacles which 
the edge of the tube cannot cut through or force aside, such as large 
stones, I'oots, jiicces of timber, <kc.* 

-107. Fouii«Iuiioiin lundc; by Wcll-MiukinK are in some respects 
analogous to iron tubular foundations. They are suitable for a soft 
and wet stratum with a firm stratum below it. They are made by 
sinking a sufiicicnt number of cylindrical ston(^ or brick-lined 
shafts, each on a drum-curb (see Article 391, p. 592), through the 
soft stratum, until the Him stratum is readied. These shafts are 

* Tlie method of sinking cylinders by the aid of compressed air was invented 
about 1841 by M. Triger. ft was lir.st used on a gieat scale a few years afterwards, 
by Mr. Huglie.s, at the bridge over the Medway at Rochester, executed from tho 
design.<^of Sir William Cubitt, by ]\Ie.siir.s. Fox, Henderson, & Co. 

It was at first intended tt^t the lubes should be sunk by the exhaustive process; 
but the retnain.s of an old timber bridge, iml)C(^de(l in the mud at the bottom of the 
river, ^:.dered that impracticable; and the compressive process w»8 then introduced. 
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then filled with nibble masonry, or witli brickwork, so that each of 
them becomes a solid cylindrical pillar. 

408. ^’niMNoiiN. — A caisson a sort of flai -bottomed boat in 
which the foiindatioii-coursei and^ lower jiarj of some struc- 
ture which is to stjind in wate**, such as a brWge-piei* are built, 
and floated* to their intended site. The bottom of caisson 
is a horizontal timber jflatform, fitted to form a ponnaiient part of 
the foundation, as described in Article 800, p. (>01. The si^s are 
vertical, and are capable of being (h‘ taxied from the bottom. A 
seat is pi'ci)ared for the jilatform, by exci^'af i>»i alone, by laying a 
bed of concrete, by driving a set of ])ilos, otherwise, as the 
occasion may r(M[uirc. Tht^ caisson is moored over Unit seat, and 
when the building within it has been carried t(j a snflicient height, 
it is gradually sunk, by slowly admitting the water, until th(j plat- 
form rests on its bcul. Tli(‘ sides are thc*u detached and removed. 

The usual inelliod of connecting the sides with the hot. cm is as 
follows; — The main supports of the bottom consist of number of 
parallel transverse beams wliose ends project beyond the sides; 
across the npjjer edges of the sides an* laid an equal number of 
similar beams, into which the n])p('rmortt wales or longitudinal 
pieces of the sides are so notched as to b(5 k(*|)t by the beams l*rom 
being forced together by juessuiv ol ihe wal<^r. The j>rojccting 
ends of the upper sot of beams are eonn('cl(‘»l witli those of the 
lower set by long vertical iron bolts, outside! tin* caisson, having a 
hook and <.*ye joint a little a.bo\<,i tin; lower beams; and by un- 
fastening these the sides are at one(‘ detach(‘d from tjie bottom. 

The dimensions of fluj timber used in Liie bottom are usually 
about the same as fora foiiudatiou-platlorm (Ai'ticle 31)1), p. GOl); 
those of the framewoi-k of the sides may be computed according to 
the jninciples of iljc strength ol materials, so as to bear safely the 
greatest pressure of the water. 

In ail example described by Hccker, used in building a bridge 
pier, the caisson was about d8 feet long, 2 ] Icet'broad, and 15 feet 
deep r)ver all, the masonry within being about 18 feet broad. The 
cross beams wen^ JO indies srpiare, ami about 2 fl^ct 10 inches apart 
from centre to centre'; the upright standards of the? sides were 10 
inches square, and 5 feet 8 inclp's from centre to eentre. 

In some cases caissons have been built of bricks and cenient*in 
a graving-dock, coated with coal tar, and floated to the site the 
work of which they are to form part : Uiey are then sunk, and 
filled with concrete. (See p. 801, 810.) 

409. UaniM for FoiindniioiiN are made tor tin* ])urpose of exclud- 
ing water from a space in which a foundation or some such 
structure is to be made. The materials principally used in them 
are timber, ir«n, and clay pmklle, as to which last, see Article 206, 



612 


WATERIALS AND STRUCTURES. 


p. 344. Hyfli'aulic roncrote also is occasionally used, as to which, 
see Article 230, p. 374. 

I. Clay Damn . — In still water of^a depth not exceeding 3 or 4 
feet, and cm innde^atcly firm ^roun(\, a clay puddle einbankinent 
forms a .siWlioimt tf!ani; care bc*ing taken, before commencing it, to 
dig a treii5t. fur its foundation, .so as to leinove loose and porous 
material fi'oni the surface of the ground. 

TT.*re//«r Dams . — In greater dcj>tlKS, the essential part of an 
<»rdiiiary <l.am consists of tt.vo jjaralhd rows of main ])iles and .sheet 
]>iles (se(^ Arti< l(i 404, C(>o), enclosing between them a vertical 

wall of clay puddle. TJie n])p<‘r wale.s of the two rows oi piles are 
tied tog(‘ther by cross b(‘ains, which .support a stage of planking for 
the us(i of the woi-kinen. The main j>ile.s in one row are from 4 to 
5 feet a])siit. 'I’Ik' givunid is excavated between the rows of sheet 
]>il(‘s until a sutlicioiitly firm bottom is reached, and the. puddle 
lunmuMl in layers. 

Tht‘ eoinnion rule Ibi* the thiekiu^ss of a cotfer dam is to make it 
ecpial to the height aboNe ground, if tbe height does not exceed ten 
feet; and for gie.itt'i* h<;ight.s, io ad<l to ton feet one-third of the 
excess of th(‘ hc'iglit al»ove ten f(‘et. 

VVIn'n th(i height exee(‘d.s twtdve or fifbu'n feet, or th(5reabout.s, 
three, and .s(uiietiift(‘.s lour or more, parallel rows of sheet piling are 
driven, thus divi<]ing tlx*. 1 hiekne.ss of tlie dam into two, three, or 
moi’e ('qual (li^isions, each of six feet thick, or thereabouts; the 
o\iternio.st division is made of tliC'fnll height, aiwl the heights of the 
inner divisions, are made ]('s.s, .so a.s to form a .series of steps. 

It appears from i‘Xp<‘] ii*nce. that a tliickiie.ss of iroiu two to five 
feet of clay ]niddle is sidlicient to make a ooHer dam water-tight; 
the additional lliiekness giv<*ii by*^ tbe rules above mentioned is 
required for stability, and the m*ore so that tbe timber framework 
cannot be stilfeiied inside by^ diagonal braces bt'tweeii the rows of 
girder ])iles; for sueh braces would conduct streams of water along 
their sidc.s throiigK (lie ])uddle. 

Anotlicr mode ol' obtaining stability to m;ike the dam simply 
of snllicient thickness to exclude the Avater, and to support it from 
within agaiiii^t tin* ])res.snre of the water by means of sloping 
struts, abutting at their up})er end.s against tlui main piles of the 
inner fac(^ of tlie dam, and at tlieir lower ends, in soft ground, 
agaiiiit piles di*iven for that puiqiose, and in hard ground, against 
foot-hlocks. 

TiOt b be tli(' breadth, in feet, of the di\ ision of the dam sustained 
by one such strut. 

, Xj the dejith of wat(M , 

the v'eight of a cubic fof>t of water, 
being C2‘4 lbs. ibr frt‘sh, and G4 lbs.Yor salt water. 
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Then, by the principles of Article 107, p. ICG, equation 9, tlie 
total pressui’e of the water against that division of the dam is 

P = 7 |> ^ 052^-4- 2; .g (1.) 

and the moment of that pressure* relatively to a'^horizoril'al axis at 
the level of the ground is 

M = 6 a;® -i- C 

Let h be the height above tlu* ground at iM'eb tlio strut abuts 
against the dam, and i its inclination to il'* loii/on; the thrust 
along the strut is 

T = ]M sec 7 ~ //; (-3.) 

and the scantling required to bear that thrust safV-ly may lu* com 
puted by the principles of Article loS, ]>. 238, ecpiations b, 8. 

When a coffer dam is to he exposeil to tnirrs, add together the? 
greatest dcptJi of still water in front of it, and ftrice iJie greatest 
height to which the crest of a wave rises above t]i(‘ le\(‘l of still 
water, and put tin; sum for tin* grealest d(‘p(li to whicli the dam is 
to be ada])ted (ra in the ibrmnhe). In sli.dlow \va.t('r on exposed 
parts of the coast, this amounts \ery nearly lo nuiking .c ecpial to 
double the gi-eatest depth of still water. 

In firm gi'oiind inqK’rvious to water, [daidcs laid ho I'izon tally on 
edge between a double row of guith; j>iles may be subsli(ut('d for 
Bheet piling. The least thickness suitable for f.ueh ]>!anks is about 
2^- inche.s; and with guide piles tiv<^ feet apart tliis is ^ullieient ifpi 
a depth of about six feet; for gr<‘at<*r depths, the thickness must 
increase in proportion to the squai;e root of thc^ d(*pth. 

For a rocky bottom, the following c(»nstruction lias botai used by 
Mr. David Stevenson (see Trans. Inst. o/Cirif Unt/ineersy vol. 111.; 
also Enryc. Brit., Article “ Fiiland Navigation’): — 'fwo paralhd 
rows of V(!rtical iron rods, three feet apait, were junqsd into the 
rock to a depth of fifteen inches, to answc'r inste.u! of guid(‘ ])iles; 
inside these rods, and sujqiorted by them, wiacj two \(a'tical linings 
of planks laid on edge horizontally, between which -da}^ [luddle was 
rammed; outside the iron rrals w<*re horizmital timber wales five 
feet apart vertically, or thereabouts; these were bolted togi'ther hi 
pairs, through the dam, to which .stability was gi\(‘n by nU'a'fts of 
inclined timber struts, as alreaily described. 

IIJ. Caissoit Darns.-- Anotlua* mode of constriu'ting a dam on a 
rocky bottom is to use a number of cai.sso ns, or (lat-bol torned boats, 
suitably formed, so as to enclose the R])ac<* wJncli is to bo gujirdyd by 
the dam; when these have been fioated to their pro]a‘r ]ilaces and 
moored, they are to bo gradually sunk until they begin to rest on 
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the bottom j two iowh of main jnles, running respectively along the 
outer and inner races of the enclosure of caissons, are now to be 
lowered vertically side by side untit their lower ends rest firmly 
on the boUom, artid bolted in that position to the sides of the 
caissons; il lie loa^iing of the caissons, by means of stones or other 
])(*jivy matc xials, a»id by admitting water, is now to be proceeded with, 
until cillicr the whole or a considerable part of their weight rests 
on tlie main piles. A framework is thus formed, resting on the 
bottom by means of the piles. A third row of jjilcs, or posts, 
.suitably J’rainoil lo the i^ nor row of main ])ilcs, is now 1o be set up 
]»arallcl to and witliin ihom ; and between these two rows, the dam, 
properly .sj)eaking, is to be formed in the manner already desenbed, 
with two linings of planks and a puddle wall. When the dam is 
rcmovi'd, becausi' ol* the foundation or other work within it being 
finished, or bceaiiscj the work is to be interrupted, the cais.sons are 
to be unloaded and pumptnl dry, and floated away, so as to be 
available at a future lime for tlu' resnmj)tion of the same work, or 
the f^xeeution of another, as the ease may be. 

As to dams of this cla.ss, sec Mr. JFlodges’s account of the Victoria 
J:>ridg(‘. 

(.^ai.s.soiis, Ol- boitts, capabb- of being floated and grounded at will, 
as above (Icscribed, are suitable where it is neees.sary, not to make 
a water-tight dam, but merely to obtain protection from a current 
that would otherwise impede or injure the work. (See Steveiusoii 
On American Kriyineerirajy Chaja'er VllJ.) 

IV. CHb-Work JJarns arc used wluuv timber is abundant and 
chw‘p. (b’ib-work consi.sts of a .series of layers of logs, laid alternately 
lengthwise and erosswi.s(‘, iiotelied and pinned to each other at their 
intersections : the distance apart of the logs in each layer is three or 
four iinu's tlicir diameter. A skeleton frame of any required 
dimensions having been formed in this manner, is floated to its 
intended .site, and Ihcre loaded with .stones laid upon jdatforms 
Bn})])orted hy .some of the iip])or layers of logs, until it sinks. It 
can tln‘n lx* iis(*d in the .same manner and for the same purposes as 
the eai.sson dams of Division III. (On tlio ‘ ubject of crib-work, see 
Stevenson Oil American Engineerimj ; Hodges on the Victoria 
Bridge.) 

'V. Wirker-Work Dams will be mentioned further ou. 

4K). l<]x<‘iEvaiiiis; iiii«1<*r Wnirr, l>rrclsiii}s« and BlanlInX* — Pro- 
cesses have already b(*en Tiescribed by which excavations are made 
under the water-lov(;l hy the aid of some apiiaratus for excluding 
the water from the site of the excavation, .sucli as ii-on cylinders 
filled with comju-esst'-d air (Article 406, p. 607), or coffer dams 
(Article 400, p. 612).^- The* present article relates to the making of 
such excavations by tools or mcehnni.sm, without excluding the 
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water. Cases in which tlie cuiTciits of the water itself are iiiade 
available for that purpose will be cojisiclored in a later chapter. 

I. Protection of tlie Excava^ibn, — When an excavation is made 
under water in order to deeptn a rliaiinol, it se|^luin requires to be 
protected; but when it is made with a view to t^e cunstvuction of 
a foundation, and there are loose materials, either in ^he ground 
excavated, or suspended in the vabT, it tnust he guarded against 
currents in the water, which otherwise would swei*p tliose nia>(U’ia,ls 
into it and fill it up. This may be donA by caissons (Article 407, 
Division III., p. 613), cribs (Article 400, ^.)iv!sion IV., p. 614), or 
by an enclosure of sheet piling, whether tied . ?• v»r imn (Article 
404, p. 605); and if the excavation is for the j - s. ■.■'C of making a 
piled or concrete foundation, the shi‘et piling m;iy aftia wards form 
the permanent casing of that foundation. (Artirl<* 105, p. 606.) 

II. DredijliKj hy is ]H*rformed by means of an implement 

called a spoon,” or “ .spoon and bag.” It consists of a pole, at one 
end of which is fastemvl an iron ring, sIim IimI ;it the forjvanl edg<>, 
and forming the mouth of a bag of strong leatluu* or coarse canvas. 
The ring is hung by a rope tackle capal)le of Ixm ug wound up by 
means of a crab, and the further end of the poh‘ is held by a mail. 
As the rope is wound uj» tlie spoon is dmggod*f(»rwaid along the 
bottom, against whicli the man who hc»Ids (Ik* |mTIc eaus(‘s the (ulge 
of the ring to press, .s(!oo]>ing e:\rth into the bag, nutil itarrhr‘S 
directly below the crab, when it is b.tuhxl np and enq>l ied into a 
punt or mud barge. 

In small deplbs of water, sueli as four or tivo feet, ^ ho labour and 
cost of tills operation are not much greater than those of excavai.mg 
similar materials on dry laud. Fn greaU'r de[»th.s the operation 
becomes more laborious and costly, nearly in proportion to the 
depth; and in deptlis of more than ten fi*et it is not applicable. 

Another kind of hand dredge has a sort of shc(jt iron scoop 
instead of the ring and bug, and is suitable for rough and stony 
materials. • 

III. The JJredying Machbie consists essentially of a pair ol’ 
parallel chains, driven by pullies so as to mo\e up the upj»er side 
and down the under side of an inclined plane, and carrying in soft 
gi-ound a series of buckets, and in stilf grtmnd buckets and rakes 
alternately; the rakes to break up the ground aiid the buckets to 
lift it. The upper end of the inclined plane is hinged, so that the 
lower end ada])ts itself to tin? level of the bottom. Tin? macliinc 
works in a well in the middle of the after ])art of a strong barge, 
over the stern of which the buckets empty tlKunselves into a punt 
or mud boat. The ordinary prime mover is a steam engine; but 
small dredging machines are also u.sed, wliicii aifj worked by liand. 
•According to Mr. David Stevenson, a steam dredge of sixteen 
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liorse-powcr will, iiiiflcr favourable circumstances, raise about 140 
ions of stiilf per ln)ur (that is, about 100 or 110 cubic yards); and 
the cost rani^^ s fi niii an amount nearly equal to that of excavation 
in similar iiial(‘riql on land (s,ay abrut 8d. per cuV)ic yard for sand 
and ^^raM^l) 1o alxMt half that amount (or nearly 4d.). In general, 
tlH‘ l;n »j;( r and more powerful the machine, the less I's the cost of 
dredging. (See pp. 796, 797.) 

I V«. Bio ■'if lag Rock in shallow water is nearly similar to the 
opeiation on land, As to which see Article ^07, p. 344. In 
general, proportionately, more powder must be used than on land; 
Ibr under watta*, it is d(‘sirabh‘ to shiver the rock into piect? that 
can be removed by dredging. In a good example of such operations, 
deseribe.d by Kdwards in the Proceedings of the InsL of Civil 
K'oginf’n'Sj the weight of rock loosened was about between 5,000 
ami 6,000 tinu'S that of the powder exploded. (See p. 348.) 

In deep walc'r, th(‘ diving bell must be used in preparing the 
blasts. (See Appemlix.) 

V. Rrnitn'hoj l.ovge Sfimes. — IJoulders and blocks of stone which 
are too large 1o Ixi lift(‘d by the dredging machine may either be 
sj)lit or bhist(Ml into smalhn* 2 >ieces, or may be attached, with the 
aid of diving a]»)K.Hiatus, by means of a lewis (Article 251, p. 391), 
to a boat, and so >!f(ed and eariied away. 

411. (\ .) for a shigle consists essentially 

of a metallic hehnefy usually s[)hcricnl, and made ofco})per, enclosing 
the diver s h(‘ad and resting on his shoulders, connected at its base 
with an air qnd water-tiglit dress, provided with a long flexible 
tube and valvtj, o[)ening inwards, for supplying air from a compress- 
iTib pump above water, an esca])e valve for foul air, 02 )ening 
outwards, about the level of the divers'* chest, and some glazed 
o|M‘nings (usually three in number), at the level of his eyes. Each 
of these openings should be furnished with a wat(‘r-tight valve, 
which the diver can instantly close in the event of the glass being 
broken. The airdeed-j)ipe enters at the back of the helmet, and 
the air is conducted thence by arched passages over the diver’s 
head to points near tluj glazed eye-holes, ^y this arrangement the 
entrance of water is jnevented, in the event of the fecdqjipc burst- 
ing. To overcome the buoyancy of the aiJparatus, and enable 
the diver to sink, his waterproof dress is loaded with about a 
liundc^edweight of lead, part in the soles of the shoes, part fastened 
to the breast and back. He usually hauls himself up by means of 
a rope; but should he wish to ascend suadonly he has only to close 
the escape-valve, when the air inflates the waterproof dress and 
causes him to float to the surface The helmet is supplied with 
a speaking apparatus and an electric lamp. Telephones are also 
fitted for communication with assistant above; the chimney has 
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a flexible discliarge-pipa ascending to the surface, with a valve 
opening outwards. Tliis lamp is rotjuired more especially in 
turbid water. In America a diving helmet has been used made 
wholly of glass. • • 

II. Tlie Diving Bell commonly used is sliapc(l*lik<! a r< ctangular 
box with rounded comers, measuring about six leet by four fetiu 
horizontally, and five feet Jiigh, two inches thick in the toj) and 
upper part of the sides, and increasing to three* and a-half inclfes or 
thereabouts at the lower edge, for the salA* (»f stability. It usually 
weighs about iive tons, and displaces thre(‘ |nd . lialf tons of water, 
or thereabouts, when quite filled Avitli air: fi.* dillei-encc* is the 
load on the eraiio and wdndla ?s by which it is iov. » red and raistal. 
It has a number, not usually exeeeding t\v(dv(', of bull’s eyes, or 
glazed holes in tlie top to admit light; they ai'e ( iglit or ten ineliea 
ill diameter, and the glass about tw'o inelies tliiek. Tin; tlexible 
feed-pipe for sup])lying comjuvsseil air is about three ineb in 
diameter. If the quantity of air required be ealenlatt'dmeianding 
to the data already stated as to tlu' supply of foundation-cylinders 
(Article 406, p. 608), or according to the usual practice in yiublii! 
buildings, it should amount to about twehe eubie feet, measured 
at atmospheric pressure, 7nan per niinnte, * Signals may lx* 
made by persons in tlie boll to those at tlie pumps and crane by 
pulling cords and ringing bells. 

III. The Diving Boat (of which dillenait kinds liaAc, bctai in- 
vented by Dr. I’aycam; ami othors)'is a diving Ixdl on a large, scale, 
conveniently sha])ed for being moved about, and jH.)\iile<l with a 
magazine of compressed air, eontained in a casing s\irrounding ^J^e 
W'orkiiig chamber or bell. This niagazim* answi^rs tlie purpose of 
the air-bladder of a (Ish, by enablyig those within the bell to make 
it sink and rise at will; for by injeeting w^iti'r wiili a forcing- 
pump into the magazine, the boat beemnes lu'avier, and sinks; and 
by opening an escape-cock at the bottom of the magazine, tln^ w’ater 
is forced out by the compressed air, ami the hoal becomes Iiglit.er 
and rises. 

412. Vmbaiikiiijc and ISiiildiiiK iiiiflrr (S«‘(* also Article 

205, p. 344.) — Embankments under water may lu; made. by tijijiing 
in the material from a stage supjiorted on ]>osts or on screw' pili's, 
or from boats; a moveable inclined plane or shoot being used tT. 
direct the material to the spot wliere it is to fall. Stoiu;s*and 
gravel are in general the only materials whoso stability can be 
relied on when exposed to currents in the water; and the diamciter 
of the smallest pieces should not be less than about one, twenty- 
fourth j)ai’t of the velocity of the current in fe(*t ]>er second. When 
the outside of an embankment is formed with stone.s, the interior 
may be filled with smaller and softer materials. In water nod 
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agitated by waves an embankment of loose stones will stand at 
a slope ranging from that of 1 to 1 to that of 2 to 1 ; but where 
it is exposed to waves, it must be*iiaced with blocks set by hand^ 
with tliotiiid of diii'iiig apparatus, if ^lecessary, the least dimension 
of any l).r)ck in tne facing bein<^not less than two-thirds of the 
greatest litiiglit of a wave from trough to cresl. further remarks 
on tJiis will be made in a later chapter. 

A’ loose stone (Mubankment may be protected against waves and 
cuiTonts by means of w()» den crib-work. 

IJydraiilic conmste c .n be laid iiiidca* water simply by pouring it 
into an exca\ati()n, or into a space enclosisd with a timber or iron 
casing, the surfaee (»f eacli layer, in deej) water, Ixang levelled and 
smoothed with the aid of diving ap])aiatns. Eegular masonry, 
whether consisting of stones, or of large bl(K*.ks of iKirdeiied concrete, 
requires the aid of diving aiijKimtus during the whole process of 
bnildiug. (Keo, Art. 2!U), ]». \Vl\) also p. 4I^G.) 

For tlio faifmg of sea-works (5Xj)ustid to tlui action of waves 
in dcc]) wal(‘r, such as break wat(M*s, onornions blocks of hydraulic 
concrete arc sometimes used, nu'asnving from 12 to 27 cubic yards 
in volume. For the yaob'ction of those against the corroding 
action of soa-wjfter, a method has been introduced of coating 
tiiem all over, loT a thickuoss of about three inches, with asphaltic 
concrete, composed of two parts of asphaltic mastjc (ArticJti 2.*14, 
]>. .’176) and three of ])?*()k(in stone. (See a paper by M. Leon Malo, 
in the Aniiales den l^onls et Chmssees, 1861 ; also Appendix.) 

In ashlar masonry wlii<-h is to bo exposed to v(ay violent shocks 
frpm tile waves, such as that of lighthuiises, the stones, besides 
being fastened togcjthor by imjtal cvain[)s, are sometimes bonded 
al^o by dove tailing, in the manner shown 
in plan by tig. 275, which represents part 
of a course of a lighthoiiKse. This was first 
practis('d by Snujaton at the Eddystone 
lighthouse. Its chief use is to resist the 
tendency wliich the stones at the face of a 
wall liave to jutiip mit immediately after 
receiving the blow of a wave. Stones of dif- 
ferent coiirses are sometimes connected by 
tabling^ wliich consists in making flat projections on the beds of 
the!*^ stones which fit into corresponding' recesses in the beds of 
those above and below them. 

Addkndum to Article 403, p. (?05. — Disc Pii.ks (the invention of Mr. Brunlccs) 
havci a disc at the foot, and are lowered by driving the sand from below the disc by 
means of a stream of wat^r. 
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CIIAITKU I. 

OF LINES OF LAND-CAllKIAOi:. 

Sectiox J . — Of Lines of Laml-Carrlaijc in (General, 

413. Oriieriil IVaiiire of %Vork«<* — The Works w’bicli (.‘(institute a 
line of land-ctirrijigo (exclusive of (lie bui Mings ami imicliiiicry by 
the aid of whicli the 1 radio is caiTicd on) may bo divided into 
rKiiMANKNT WAV and formation; iJn‘ peiinanei^t way being tliafc 
]>art of the striicturo wliieli din‘clly bears <lie tnijlic, and th(‘ foi’in- 
ation, tile whole of tlic rest of tla* works, w'liosi‘ object is to make 
and preserve a suitable passage bn* the perinamait way across tlie 
eouutiy. In a- r(‘stricled sense, tlie word JhrnuitivH, or form unj is ap- 
[)lied to the basi* or surface on wliieh tlie pca-niamaitw^a)^ directly ri“sts. 

As the methods of constructing the works which constitute the 
roUMATiOX, in the widest sense, have beiii di'scribcd in the 
ceding part of this treatise, it is only neccosary in the ])r(‘S(‘nt chaiiter 
t<.» enumerate them (referring to the places whci cj they are described 
in detail), and to state the principles according to w hich tiny ar(‘ 
adapted to pai-ticular lines of conveyance. 'I’liey may b(; thus 
classed : — , 

I. EnrthioorJc, consisting of cuttings ami embankments, to make* 

])assages through hills and ovei* valhys i-espeel iveiy. (St^e Tart IJ., 
Cliapter IF., p. 31.0.) ^ 

II. Fences . — As to tcnqiorary fences, see Article 180, ]>. 3.33. 
Permanent fences will be again veferred to. 

HI. Drains, which are treated of in the saim* chapiter- inj:heir 
relation to earthwork. As to the masonry of large diaiiis, see 
Article 297 a, p. 433. 

IV. Ketaining Walls. — (See Articles 205 to 275, pp. 401 to 413.) 

V. Level Crossings of other lines of communication will be again 

mentioned fui-ther on. " 

VI. Bridges, which may be,^ classed according to their purposes, 

or according to their n'oterials. • 
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Tlie purpose of a bridge may be — 

A. To cross over or under some existing lino of communicatioDi 
w'liicli it is ( i tiler impracticable or inexpedient to emss on the 
level. J II vliis case^here are in ^neraf certain minimum dimensions 
tixed by IAnv or by agreement for \he passage to be allowed for the 
existing line, wLicli will be again referred to. 

II. ^J’o cross a valley, in which an (*ml>ankment would be im- 
piiicticable, or too expensive, or otherwise inexpedient. In this 
ease the bridge is calle.d ix^ciaducL 

(5. To cross a stream, lUvcr, estuary, strait, or other piece of watci. 
The iirinciplos to be observed in this case, in order that the cuirent 
may not be imjicded, nor the navigation (if any) injured, will bo 
relerred to in a subsequent ehajiter. 

^riie materials of a bridge may be — 

a. Masonry or brickwork; as to wbich, see Part II., Chapter III., 
p. .‘149, and in jiarticular, Rection VliL, p. 413. 

h. Tinill[;r; as to which, see Part II., Chapter IV., p. 437, and in 
particular, Article .‘>30, p. 4G/), and Articles 341 to 349, pp. 475 to 
192. 

c. Iron; as to wjiicli, see Part TL, Chapter V., ]). 494. 

As to the ordiiiljtiy foiuidatmw of bridges, see Paii; II., Chapter 
III., Reotioii J V, p. 377; and as to the more difficult kinds of 
foundations, see Chapter VI., Section II., p. GOl. 

VI T. Tunnels; as to which, see Pari II., Chapter VI., Section I., 
1». 588. 

The PKiiMANENT WAY of u line of land-carriage is either a road, a 
raZway, or a tmmway ; the essential distinctions being that a roaui 
presents a firm surface of a certain breadth, which can be traversed 
by vehicles over all its parts end in all directions; a radway 
confines vehicles to certain definite tracks, by means of rails on 
which specially formed wheels run; a tramway is intermediate 
1n»twocn tlies»^, and consists of flat rails laid on a part of the 
surface of a road, and so formed that vehicles with wheels suited 
foi* .an ordinary road can run upon them when required.^ 

414. Ni iectioii of liiliv and IjcvvIs. — T h selection of the position 
of a line of conveyance dcj>ends on statistical and commercial, as 
w^ell as mechanical con side lutions, but although the former come 
freqqc'ntly under the notice of the engineer, they are foreign to the 
proper subject of this treatise. 

In a purely engineering point of view, the object to be aimed 
at in la^dug out the course of a line of communication is to convey 
the traffic with the least expenditure of motive power consistent 
with** due economy in the construction of the works. Economy of 
motive power is promoted by low summit-levels, flat gradients'* 
(as ithq rates of declivity of lines of land-carriage are oalled), 
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easy curves, and a direct line; but limitations to the hcigbi of 
summits, the steepness of grac{^ents, and tlio sharpness of curves, 
limit also the power of a(la^>ting the lino to tho inequalities of 
the ground, and so economizing ^ orks. • ' 

The data required by the engineer in order to enable him to 
.select a line, and the means of obtaining these data, have betui 
stated in Part I., Chapter I., Article 1 1, p. 'J, and further exphiined 
in subsequent articles of tliat j»ait; and^as ri'gards borings, ])its, 
and mines, in l*art II., Article 187, p. 3oK arel Articles 391, 392, 
pp. 589 to 595. The general character o/ tl . m i(nalities of the 
ground, or ‘‘ features of the country,” and the im.»h.>s of represent- 
ing them, have been described in Part I., Articles 5(S, 59, 50. pp. 93 
to 98. 

A projected line of eomniiniication may eitlun* be. limitt*d to tho 
connection of two points in the saim^ valley, or it may have to cnnnect 
points in two or more valleys, by cro.ssing tlui ridg«‘s between them. 
In the former case, there is no summit-level to cross; in the latter, 
there may be one or more summit-levels. In gtmeral, the best 
point for crossing a ridge is the lowc'st (see Article 58, pp. 94, 
95) which occurs in tlio district to be traversed; but cases may 
arise in which a higlua* pass is to be preftuTcd to#a lower, because 
of its being more easily accessible, or because of its olfering gi*eater 
facilities for cutting or tunnelling. The ridge ought to bo crossed 
as nearly as possible at right angl(‘s. 

When a line of communication Jias to cross a great valley, the 
following principles are to be obscirvcnl as far as piacticablo : — To 
choose a narrow part of the valley; to cross tlie deej)est part of Tt 
as nearly at right angles as possibh* ; to find, if ]K)ssible, firm ground 
for the foundation of a viaduct, orf)f a high embankment. 

The principle of crossing obstacles as nearly as ])ossil)le at right 
angles applies to bridg(;s over river.s, an<l over or under otlier lines 
of communication. The cost of a skew bridgt' iii^aeases iifMrly as 
the square of the secant of the obliquity. 

When a line of communication runs along one sulo of a valley, 
the obstacles whicJi it has to cross ai*e cliielly tlu' .sfiiall branch 
valleys that run into the main valley, and the promontories or ends 
of branch ridge-lines that jut out into the main valley between tb* 
branch valleys. In this case the gi-eatest economy of worl^ is 
attained by taking a serpentine course, concave towards the inaiji 
valley in crossing the branch valleys, and convex towards the iiiaiii 
valley in going I’ound the promontories, except where narrow necks 
in the promontories and narrow gorges in the branch valleys 
enable a more direct course to bo taken with ajnoderatt amount of 
work. 

In ascending the head of a steep valley towards a high pas#, it 
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may be sometiiiK‘s necessary to take a sorijeiitine or even* a zig- 
zag course ill order to obtain a sufliciciilly easy gradient, in- 
dependently of considerations of qcouoniy of work. lu a few 
instarco^, a projee^iing promontory or spur of a mountani has been 
made a\ ailablc for the ascent of a line of coiiveyaiicc to a pass, by 
laying out the lino in a spiral course, each coil of the spiral passing 
lirstvthrough the promontory by a tunnel, and tlien winding round 
outside of it. * 

It is obviously diflieulc to Jay out a line of conveyance so as at 
once to accoiniiiodati; the trallic which passes along the lower part 
of a large and deep valley, and that wliich passes over the pass at 
its head ; for in order to reach the summit easily, the line must 
quit the lower [uirt of the valley at a certain distance from the 
pass, and ascend gradually along the sides of the hills, so that in some 
cases a branch line may be l ecpiired for the lower part of the valley. 

In th<^ formation ot‘ all lines of conveyance, it is advisable to 
avoid long reaches of level liiu! in cutting, as being difficult to drain. 
(See Article l‘J2, \k 3o0.) 

As to crossing a great jdain, see Article 203, p. 342. In this 
case the level of' the line of communication is generally fixed so as 
to be sulliciently high above tlie highest water-level of floods. 

41«^. The Ruiiii 9 $ oradieiit of a line of communication means tin; 
steepest rate of inclination which prevails generally on the line; 
being exceeded only on exc(.‘ptioiial portions, where auxiliary 
motive ijow^^r can he proviiled, or Avherc the loads to he conveyed 
ii]> the ascent arc lighter than on other portions of the line. The 
Economy with which the Avorks can he constructed depends mainly 
on the steepness admissildc for the ruling gj*adieut. 

Two things are chiefly to he considered in fixing a ruling 
gradient: the motive iiower available in ascending, and the avoid- 
ance of v/aste of power in tlesceiuling. 

Let W denote the greatest gross load to be dragged uj) an ascent ; 
yj the proportion of the resistance to the load on a level ; 
i, the sine of the angle of iiicliii tioii of the ascent; then 

C/ +,i) W, 

is Jhe greatest resistance to be overcome in ascending the ruling 
gradient; and this should not exceed the gi’eatcst tractive force 
wliich the prime mover is capable of exerting. Let P be that force; 
then 

(y’+ i) W siiould not be greater than P; or, yi 
other words, 

p 

^ i should not be greater than — /. 
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The fulfilment, of this comliLion is essential. Another condition, 
which it is desirable to fulfil, if possible, is, that no mochaiiical 
enevj^y shall be wasted throughUhe necessity of O'^ing brakes, or of 
lacking tlio ])riirie mover, in oi*d or to prevent ex(^essive acceleration 
of speed in descending the ruling gradient; aim to fulfil this con- 
dition 

i should (if possible), m)t e\ceed /I (2.) 

• 

TJio co-officiont of resistance f difiers \'..ry nmeh for difie rent sorts 
of permanent way. Tii eacli case it eons'sts of two jiarts; one 
arising from friction, and constant at all s|/* d.' .lud another arising 
from vibration, and increasing \\ ith the vel«*. ■ \ ; so that it may 
have difierent vahu'S in the formula* 1 and 2; that in formula I 
coi resj^onding to the huist sjteed of ascent consisient with the con- 
venience of the tiafiie, and that in formula 2 co)*i*es[)onding to the 
grf^nlesi ftjwed of descent consistent wilh saici y. 

When the traffic is luMivior in oiui direction than in anoiher, the 
ruling gr-adient in the direction of the U'^eemt of tlu^ ligfiter traffic 
may be the steepei*. 

As a gencj-al con,so(pi('nce of tb(‘se ])rincij»h*s, it is obvious that 
the less the proportion of the rc.sislanco on a le^^‘l to the load, the 
flatter must he the ruling gradient, and tin* ^atfer the ruling 
gradient is the heavier ar(; the works, and the more difficult is it to 
lay out the line. Siieh, for example, is fhe ease with railways, as 
compared wdili roads. In railways additional (‘xpensc and difiiculfy 
are occasioned l)ytho necessity of eerlain limit.it ions as to the sliarp- 
noss of the curves; but these will bo explained in Section IV. 

• 

Section ^\.^0f Roads, 

416. KefclMaucc of \'c*liic1cs hii« 1 Killing tiirndlciil^. — The veil Lcles 
caj>able of being used on roads may bo tlistinguished into sledges 
and wdieel -carriages. The only cas(‘s in which s]f‘dges are suitable 
v<‘bicles for roads ai'c those in Avhich the surface is eitlna* too soft or 
too steep to admit of the use of wlieol-carriagcs w 'f h .safely. Their 
resistance on roads lias not been def erniinod precisely by^ixperimcnt. * 

The resistance of Avhcel -carriages on roads consists of a constant 
part, and a jiai-t increasing wdth the velocity. According to Gent- 
ral Morin, its proportion to the gross load is given approxinilitely 
by the following formula : — 

/=^rt + 6 (t> — 3-28)^ ^ »•; (L) 

• The resistance of an iron-shod sledge on liardened snow is stated by Kossak to 
t>e about l-30th of the gross hoad. '' 
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'atIh re r is the radius of tlic wheels in inches^ v the velocity in feet 
per second, and a an<l h two constants, whose values for carriages 
witli s]n*ings an; as follows: — * 

r, * • / Wlieels of 18 Inches 

a h Radius. 


For good broken stone roads, 

II . f from 

lor pavements, < 


-4 to *55 **025 
•27 *068 

*39 *03 


t;= 14-67 v=7-33 

•038 to ‘046 *028 to 036 
•060 *030. 

*041 *028. 


For varridfjes iolth(ntt the constant b is about 3 -J time* 

great(‘r than for those with springs. 

The following tahh; is founded chiefly on experiments by Sir 
John Macneill ; — 


Stoin; pavenuMit, 

riroken stone road <ni a tirm foundation, 
l>r<>kon st<UH‘ j-oad o!i a foundation of) 

flints, j 

Gravel road,.*^. 

Soft sandy and giavcdiy ground, 


f 

T-68th = *015 

i-49th = ‘020 
I -34th = *029 

I- 1 5 th = *067 
T-7th = *143 


T(‘lford estimated the average; resistance of carriages on a 
lev<'l part of a good broken stone. I’oad at oiie-thi'rtieth of the groas 
load; and according to the ]>rin(;iple expressed in Article 415 , 
equation 2 , he assigned 1 in 30 as the ruling gradient wliieh ought, 
asyar as 2>ossible, to he adopted on a turnpike road. 

If the tractive force which a horse can exert steadily and con- 
tinuously at a walk ho estimated at 120 lbs., the adoption of a 
ruling gradient of 1 in 30 , the resistance on a level being l- 30 tli 
of the load, insures tliat each horse shall bo able to draw up the 
stee[)est declivity of tho road a gross load of 


120 X ;U) -f- 2 = 1,800 lbs. 

A horse can exert, for a .short time, an efl'ort two or three times 
greater than that which he can kjep ujj steadily during his days* 
work ; and thus st(;epcr ascents for short distances may be sur- 
moimtcfl. 

In the roads laid out by Telford, the ruling gradient of one in 30 
is adhered to, whcroN'cr it is practicaule to do so ; and sometimes 
considerable circuits arc made for that purpose. Occasionally, 
however, he found it necessary to introduce steeper gradients for a 
short distance, such tis 1 in 20, or 1 in 15 . 

4 | 7 . , liDyins out and Formation of Roads in Oeneral. — ^Hcavy 
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works of earth and masonry seldom occur on lines of road, which 
are often, throughout the greater part of their extent, made on the 
natural suiface of the ground • In this case the operation of form- 
ing the road consists simply^in digging, in ground tJi;»t is level 
across, a dmin at each side of the road, and iif ground ohat lias a 
sidelong slope, a drain at tla^ uphill side; throwing the earth 
from the drains on the track of the intended road, as to raise it 
slightly above the adjoining ground, and levi lling any "small 
inequalities that occur in its course. Accoi-ding to ]\l‘Adara,* 
this is all that is required jireparatory i*£ l.ivh’ C the eovering or 
''metal’* of the road, even in swampy gs-n.-Ki. Aeeording to 
other authorities, it is advisal)h\ in marshy ground, (o prepare 
a loundatioii for th(^ road by means resi inbling tliose (‘ni])h)y(‘d in 
embanking over soft ground (Artiele 204, ]». 342); for example, by 
digging a trench 2 or 3 feet deep, and filling it with ch‘an sand or 
giYivel, as a basi* for the road ; or b\' spreading a layer of dried 
peat, or of fascines, so as to form a sort (d‘ raft t<» tl«*iit on the 
morass. When Jasciiies are used for this [airpose, they will ra])idly 
decay unless they aixi constantly W(‘t. They consist of ])nndlos of 
twigs, 20 feet long, or thereabouts, and tr»)ni 0 to 12 inches in 
diameter, and ai'c laid in layers alternately lenjl^tliwise and cross- 
wise, and fastened with i»egs, until a bed is formed about 18 inches 
deep, over which graved is spread. 

418. Brc>ndili and C’roMit-Mrciion. — Koi‘ the ordinary breadth of tho 
carriageway of a turnpikes or main road, about- f)0 leet is a snf- 
iicieut width, with 5 or 0 fe(‘t additional for a footway at one si(h‘. 

F<u’ cross-roads smaller widths are Millieient, such as 20 feet 
the carriageway, and o feet for th(» f<H)ts\ay. 

The widths prescribed by huv in Britain for those ])arts of public 
roads which are iiitcifercd with by railways are as follows: — 

Turiqiike roads, feet. 

Public cariiage roads (not turnpike), T ,, 

For the widtlis of roadways in populous towns and their ^loigli- 
bourhood no general rule can be laid down. ** , 

In some of those cases in which the tralUc is greatest, the width 
of carriageway is about bO feet, with a pair of footways, e.ieli frofti 
10 to 15 feet wide. • 

The carriageway should liave a slight rise oi* convexity in the 
middle, in order that water may run off it towaids the sides; and 
for that purpose from 4 incho.s to 6 inches is suffieieut. This 
convexity should be given to the formation^ so that the thickness 


• Sec M‘A(l;iin On iiinlli e«ritif»n, tS*J7. 
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of coverinfj may ho iinilbini. Tho footways should be nearly level 
with the highest |>art or crown of the carriaj'cway, and have a very 
slight slope towards the carriageway. 

Fo]* IIjo forjii of cross-section of the convc.xity of the can*iago- 
way, 'rrJ^')rd reco^ninends a very flat elli])sej but Mr. Walker 
prclei’s two sti'aiglit lines, connected by a short curve at the crown. 
Il(; advises, also, I hat every ])art of a road should, as fiir as 
piMcticahle, liave a slight (ha-livity longitudinally, to facilitate 
<lrainage. 

410. iin«i — The side-drain /vhich have already 

b(M*n mentioned, are similar to those of ])ieces of (‘aithwork, as to 
which, see Articles lOO, 103, 202, pj). .3:54, .3:53, .342. A dc])th of 
2 (»r .3 fe(‘t is in general suflicient for them; and when they are 
op('n dilela s, thiy may be from .3 to 4 feet whhi at the toj). If 
eov('rj‘d, tiny may consist of cartlumwarc tubes of 0 inches diameter, 
or thereabouts, on an av(‘rag<‘, or built cuh(‘rts of about 12 inches 
sijuare. I,load\\a\s in ioAvns are in general drained into under- 
ground s(‘W(!rs. 

Tlio (jiiUers or chmoic/s rim along each side of the caiTiageway, 
and are usually about .‘5 inelies deep. They collect the surface- 
wat('r from tin' roial, and discharge it into tin' side-drains through 
trans\er.s(i tubes, A'liieh ])ass below the fenc('s and footway. 

Mllre drains are small underground tile drains or tubes, diverging 
obliipioly from the eeiitn' line* of the roadway at intervals of GO 
yards or thereabouts, and k*advig, with a declivity of about 1 in 
100, into the side-drains. 

in towns the channels discharge theii- water into the sewer 
through ])assag(\s called (julhj-holcsj sometimes having horizontal 
ojjenings covered by gratings, sonietimo' vertical openings in the 
curb of the footway. ]n nr(h*r‘ to prevent the escape of foul air 
through ihian, they are ])ro\ided witli siphon traps, or with valves 
opening inwards. 

AV’^Jien a road is dj-ained by an oj>on diteh, the fence should he 
between tin* ditch and tlic road. The permam^nt foices of roads 
are iisnally cither liedges or Avails. According to Telfoi’d, tiny 
should not e xceed 5 feet in height, in c.dor that the sun and wind 
may have free access to the road to dry it. 

420. Brokfii ! 4 iouc Kon«iii. — TJic true p]*incij)les of the construc- 
tion'iof roails coAxa-ed Avith broken stone wei e discovered by John 
Loudon M‘Adam, and are fully described in his Avork On Roads 
already referred to. 

The stone, or “ road metal should be hard, tough, and durable. 
(On, these points, see Part II., Section I., pp. 349 to 363.) The 
best materials arc gmnite (p. 355) and traprock, or whinstone 
(p. 356). Hard compact limestone (p. 359) may also be used, and 
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gravel composccl of lliiils (p. .V>7); but all flints sliould be broken 
into angular ])it‘ces, as if for making eoncrete. 

The .stones arc bmkcn dow’jTby means of a hinminu* with a .stt'clcd 
face", into smaller an<l .smailcr ph*<*es, until ^it huigtli they are 
reduced to ])ieccs roughly ai)i)ire)ximating to f# cubica' .shajM*, and 
not oxcccding 6 ounces in weight. Avhi«*li, on an aveunge", is the 
weight of a cube of stone of I d inches in the side. M^\dam 
directed each i*oad inspector to cany a .•'inall balance, so ift> to be 
able to test the \V(*ighLofa n‘\\ sIoik*s f-oni i.u h heaj). Tin' Stoiie- 
llrcaking Machine (see* Ajipendix ) hreal ..-t me into cubes of about 
1.^ inch in the side, with an e^penditurif < ■ M*r .it the rate of 
from 1 JI.P. to ll.P. for each cubic yaro oi.dvcn ]><‘r hour. 

Besides bivaking all gia\(*l into augnl.ir pieces, it sliould be 
ficn'ened, to clear it of <‘ar(h. 

The road ineta.l, thus jirejiarcd, is to be e,venly sja t ;nl ovi'r the 
road witli a .shovel and I'alco, in (hns* sueees.^iv^‘ la\crs of b(‘t\\een o 
and 4 inches deep, (‘ach layci* lM‘ing left to be ]iart]y eon.solidaied 
by tradic bofuri; another is laid, oi\ .si ill hett(‘r, hy tin; ns(" of a 
steam roller, as to which sec Afipcndix, ]>. 78d; and tliiis is formed 
a firm, compact bed of angular fragimnits of stone about 10 inches 
thick, which is imjiervious to w.atcr, or nearly^o, and which soou 
acquires a smooth surfiice. • 

According to M‘Ad;iin, K* iuelies is the gre.itcst tliielcn(‘.s.s of 
rn(‘tal rcrjnircd f<»r any road, from ,) (o 0 iiieln-s being often 
sutJiciont; and liis practice war to Jay tin* mel.il .simply on the 
natural ground, witli no pr<‘p.ir.ilion cxci pt h'veH’ng inequalitie.s 
and digging drains, as (h‘seiibed in Article 117, p. 

According to the practice of Telford, bt lbre laying down *1110 
metal, a foundation or hoftondiuj" is laid, (‘onsisting of pieces of 
durable, but not necessarily hard stone, measuring from 4 to 7 
im‘lie.s in each dimension. Tlic larg(*st of tluise ])icces arc .set by 
hand, with their large.st sides resting on the. formation, and between 
the.se the smaller jiiecc.s are packial, .so as to lifnn a c(»mp!ict layer 
about 7 inches deeji in the centre of the road, ;ind 4 Ii'clies det'p at 
the sides, part of the convexity being made in this maniicr. Above 
this bottoming the metal is .sjircad as already (h'sei-iWd. 

A broken .stone road is repaired by thoroughly moishming it with 
water, then slightly loosening the ujqier surface with a ])ick, find 
spreading uniformly over it a layer of metal, which should l*e care- 
fully rolled. Unless the surface is first loo.senod, tlie new metal 
will not bind or consolidate witli tlie old. The practice of rejmir- 
ing roads by patches, called “ darning/’ is bad. 

In order to make the traflic on a broken stone road easiej when 
it is first laid, a layer of sand and gravel, called “ blinding,'' is some- 
times spread over it ; but this practice is a bad one, for the sand 
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and gravel work tlicii- way between the fragments of stone, and 
prevent their ever forming so compact a mass as they ought to do. 

When mud forms on the surface <tf a road, it is to be removed by 
scra])ing; hut if tl|e road is made of good materials, little of 
that woi'k' is requiR^'d. • 

WIiccIs of small diameter are the most destructive to roads. 
According to Telfoid, the load on a broken stone roadway ought 
not to^'excoed one ton on each wheel : the tire of the wheel, for a load 
of one ton, being four inches bi*oad. The limitation as to load 
iigre(‘S with general praeffee; but the breadth of lunr inches for a 
load of one ton per whc'd ap})ears to be only necessary for vehicles 
without springs; fur thos(i properly provided with springs, a 
breadth of from 2 to 2i inches is sullicient under any load of 
ordinary occurrence, ]»ro\ id<‘d they are to run on firm and compact 
roadways only. On soft and loose roadways an additional breadth 
of wheel ])rev(‘nts the resistance from being so great as it would be 
with nai*ro5V wheels. Tluj consolidation of a broken stone road 
may be hastened by rolling it with a cast iron roller weighing from 
1 to 3 tons if drawn by horses, or by steam rollers. (vSee p. 791.) 

121. Niouc PavvuK iitH. — The foundation of a stone pavement may 
consist either of a lUycr of hydraulic concrete, or of rubble masonry 
set in hydraulic mortar, from 6 to 9 inches deep ; 

Or of three successive layers of broken stone road metal, each 
about 4 inches deep, consolidated by allowing the traffic to run 
upon them for a time, or, still bef^-er, by rolling , 

Or of tliiH'e ^vell-rainmed layei*s of gravel, each 4 inches deep, 
wdtli a layer of sand about 1 inch deep on the top.. 

1*116 best nuiU'i ials for stone ])avc*meutH are syenite and granite, 
the hardest that can b(‘ found; and next, trap or “ whiiistone.” 
Stones of a laminated structino are to be avoided if possible; and 
should it be absolutely nec(‘s.sary to use them, they are to be set 
with their beds or lam i me ou edge. 

Paving-stones should be roughly squaied, special care being taken 
that they do n()t taper dow'ii wards, lliey are to be set in regular 
courses, running across the roadway, and ' reakiug joint with each 
other. In o,vd:er that the stones may not tend to cant or tilt over, 
their de])th in a vertical dir<;ctioii siiould be somewhat more than 
d<^utble their horizontal breadth ; for the same reason, the length 
shoukH)e equal to tin*, depth, or not much greater The dimensions 
usually udoj)ted are — 

Breadth (in a <lirection along the roadway), 4 inches. 

Bepth (in a vertical direction), 9 „ 

Length (ill a direction acims the ) 9 to 12 

roadway), '' 
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Paving-stones arc sometimes made to taper slightly towards the 
top, so that their joints are close below, and open to the extent of 
an inch or thereabouts above,* the wodgo-fornv d spaces thus left 
being filled with gravel, or chips of stoin', imbedded in bituminous 
cement. (Article 234, p. 37(>.\ J'liis giv<*s a in{re* seco ’e footing 
to horses than a close-jointed paveim* it. 

Small pieces of granite, nearly cubical, and measuring about 4 
inches each way, have been usi'd at EusLoii vSquarc, Station. • They 
rest on a layer of sand 1 inch dec]), ami tjiri‘e layers of gravel mixed 
with chalk, each 4 inches deep, and are :*1 se as possible. 

Paving-stones arc rammed into their* > with a wooden 
ra miner or beetle, weighing about 5/5 lbs. A small steam-hammer 
has been sometimes used for this purpose. 

They maybe covered, when first laid, with a blinding of sand and 
fine gravel, about an inch or an inch and a-half de(‘p, to fill the 
joints by degices. 

Their joints may be made water-tight by being laid ii^ cement or 
hydi-aulic mortar; or in iron- turnings, which rust, and make a sort 
of cement with the sand and gravel of tlu^ blinding that works its 
way into the joint; or in a bituminous ceim.'nt, or by being grouted 
with liydraiilic lime in a semi-fluid state after bang laid. 

livihhU or Boulder Pavement consists of stones irregular shapes 
set in a bed of sand or gravel. It causes groat resistance to 
vehicles, is liable to irregular sinking, and requires frispiont repair. 

The chief disadvantage attem’iiig the use of well-iiiade stone 
pavement in towns is its liabilitv to be disturbed for the purpos«‘ of 
laying gas ami water-] lines and small sewers. One metliod of 
obviating this is to provide side~lrenehes"' to contain tlmse uiiubr- 
ground works, being narrow excavations lined at the sides with 
brick walls, and sitnatcal under tlie outer eilgi* of tin* foot-pavement, 
by the flags of which they are covered. The wall of the side- 
trench next the roadway is strongtlieiied against the jiressm^* of the 
earth by means of transverse walls, with ojieniifgs in tlasn for the 
pasStTge of sewers and ])ipos; and Ix'tween tho.^e transverse walls 
the longitudinal wall is slightly arcluxl horizontally, like tin* retain- 
ing wall in fig. 17(5, p. tJ 2. TJie other longitiidin;4 ^wall of tho 
side- trench forms tlie back of a row of cellars under the foot- 
pavement. TJie side walls of the cellars arc in a line with tfie 
transverse walls of the sidc-hv*ncb, and aci as buttresses to give it 
stability. The following dimensions arc given from actual prac- 
tice : — The side-trench is 13 feet deep from surface of footway to 
foundation, 2J feet wide inside, and has cross walls at every 7 feet ; 
the brickwork is one brick, or 9 inches thick. It contains an oval 
sewer-pipe of 27 x 18 inches, a 10 inch water-pipe, and a 10 inch 
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gas-pipe. Sowers whiub are large enough to be traversed by men 
may be repaired by getting access to them through subterranean 
passages leading into tliem fi*oin trap-floors in the foot-pavement. 

Another iiM'tliod of obviating* the i?ecessity for raising the pave- 
ment of Imc' enrria^^ew.-iy is to iiaYc a snh-icai/*' or tunnel under 
tlie sti('ef., containing the sewer and tlio gas and y.atcr-pipea 
Tliis nietljod lias hitliei*to been tried for short distances only. 

4 32^ Fooiwii>ii or RoniiH. — ^Tn country roads the construction of 
t in*- footways is tin; same with that of a broken stone road, excoj)t 
that smaller and less liardCjnaterials are used, aie^ that from 2^ to 
4 iiiclies is a suHicicmt ‘chickritsss. Tin; footway slnuild have a 
declivity of about 2 i-aches towards the cliaiinel, its lowest edge 
being not more than 0 inches above the bottom of the channel, and 
its side towards the eliannel being formed either by a slope of from 
1 to 1 to 1 1 to 1, or by a curbstone set on edge, from 4 to 6 inches 
thick. To consolidate ibotways, a cast iron roller may be used, 
weighing from ^ to a ton. 

In stri'-ots the footw.iys liave, a foundation of conoroto, broken 
stone, gra\el, or sand, and are covered with flagstones, usually fruni 
],J to 4 inches thick, being thinnc.st for tlio strongest material. 
Tin; best inaterial.s -arc; those which are liardost, toughest, aiid least 
juM'vions to watta'j'sneh as hornblende slate, the harder kinds of 
clay slate, gneiss, strong sandstone and com])act limestone. 

422 A. I’oiicrrio wcro introduced by INFr. Joseph 

]\liteliell. They consist of brok^ui stone road metal, well mixed 
with hydraulic mortar. 

■123. or ANpiinilic i*amiiriit» ^.onsist of a thin layer 

of' vhat lias bemi described in Article 231, p. 37G, as “ Ilitiiminous 
Ounerete,” laid on a i'oundation of broken ctone. The formation of 
the roadway has a convexity of 1-iOOth of the breadth. 

The foundation eunsisls of road metal, as described in Article 
420, ]). G2(), laid in a layer ()f 1 inches deej) for the carriage'way, 
and 2 inches deep ‘for tla* footway, and consolidated wnth a rammer 
of 5 or tOG lbs. weight, or with a cast ii-on roller. 

The covering, w hich is about 1 inch thick for a camagew^ay, and 
I inch thick j%r a footway, consists of a uiixtnn; of road metal or 
gravel and bituminons mortar.” Tlie projioi’tions of its ingre- 
dients have been given in Article; 234, p. 37G. The order in which 
they .‘M’c to be combined is the following: — Having melted the 
bitumen, add the asphalt broken small, then the resin oil, then the 
sand, and lastly tin; broken stone. To test tlie composition, a 
specimen of it is cooled in water to the temperature of about 80^; 
a piece of jdank, having two four-sided pyramidal points of iron on 
the under side, is laid with one point resting on a formerly-tried 
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standard sam])le, and the other on tlio new sample; a man stands 
on tlie ini<ldle of the plank, yhen the im})ressions on the standard 
6am])le and new samjdc sho'lihl he of equal depth. That depth 
should be about 3-l()tli.s ol* an intJi for carrh^eways end 2-lOths 
for footways, the latter requiriii^ the stronger iTiati'riiii. * Should it 
prove too liard, bitumen and resin oil are to 1)0 added; should it 
prove too soft, asphalt and sand. The covering is hud on the road- 
way in the hot state, in r<*ctanguhir sections; its surface is sprinkled 
with sand, and the surplus saiul swtyi. otf, and it is then left 
to cool. No artificial asphalt is et pad t(»Vati.Kd .isphalt for making 
loads. ^ 

To make hituniiiKms roadways cold, as[>halt is to lx; broken as 
for road metal, s]>read about 2 inclu's deej>, wet all oviu* with coal- 
tar, and rammed wdth a oh lb. beetle. 

To repair the surface of a bituminous roadway, dissolve one part 
of bitumen in three of pitch oil or resin oil; spread 10 Kuiees of 
the mixed oil over each square yard of roadway, and sprinkle on it 
2 Ihs. of asphalt in [lowder; then sprinkle the surface with sand, 
and sw^cep awa,y tlu' loostj sand. 

Good bituminous ])a\ements under constaid trallic slioiild wa»ar 
at tbe rate of about l-Kltli of an inch a-year. • 

42*J. Fianir K«ii<i« arc us<dul in newly settled countries in wliich 
timber is abundant. 

■125. woodc-ii ba^•o come into extensive us(5 in tins 

last liv<; years. ’J’lu' ])rincipal auvantages tlnw oiler ov(;r stone aiul 
.M'Adain are tlic dimiuutum in tractiv e force iiecx*. ’^ary, tlieir iiois(‘- 
Icssness, and their giving a better foothold to horses. The disad- 
vantages, on the oth<‘r hand, are princi])al]y of a sanitary nature ; 
as they absorb and retain noxious matter, the j)ressure of water 
required for cleansing them is much liiglier than for other forms of 
roads. The life of wood pavements is from nine to ten year.s, as 
nearly as may be judged from experience so far, Tliere are several 
forms of wood pavement now in use, wliich differ in various parti- 
culars. Almost all agree in forming a coneiete foundation of some 
kind or other, and making the superstructure watiu tight : if this 
can be satisfactonly attained, nothing more can IxT desired, but it 
is doubtful whether it is, and if water got between tlni joints of the 
blocks it naturally causes the wood to swell, and lias in certain 
cases been known to tear np the kerb-stones. A metholl which 
has been employed extensively in America, is to lay the wood upon 
a foundation of sand, and to fix the blocks with wedges partly 
driven into the sand, the portion above tbe wedges- being filled witli 
concrete or cement. This method consolidates the riand wliilst 
allowing of natural liltratipu. The metllod most in use in this 
country consists in forming a bed of concrete, directly uyoi^whicli^ 
in some cases, the wood blcck.s are laid, with fibres vertical. 
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sizes of 4" X 3" x 5", tlie largest dimcnsiou being across the sireet 
and the next largest downwards, the spaces being filled with 
asphalt. In a second method, tasted felt is placed over the 
concrete ajid beiwi|/Ljn the blocks. Whilst, in a third, the blocks 
are satuiviv-cd with" a liquid asplmltic mastic, the blocks being 
joined with the same material. The method which has received 
most favour, consist in laying 1 inch sand over the concrete, 
1 inch ' hoarding parallel to the street over this, the blocks being 
placed th(!reon, and tlie ^spaces of about ^ inch run in with 
asphalt and grouting. every case the surface is spread 

over with sand or gri,h 


Section JII . — Of Tramways. 


426. eitoiic Tramwny« consist of a pair of parallel ranges of 
oblong blocks of granite, about 4A feet apart from centre to centre, 
with th<*ir u{)[H;r surfaces forming part of the surface of a road, 
each block being from 2 to 4 feet long, about 10 or 12 inches 
broad, and of the same de])th with the rest of the covering of the 
roar I way. 

427. Iron TrnnnvnyM uro in fact railways, with the rails so 
formed that their iqiper surfaces form part of the surface of a road 
or street. According to the ordinary construction, the rails are 
of wrought iron or steel, in len^^ths of 24 or 25 feet, 4 inches 
broad, and weighing from 30 to 60 lbs. to the yard. In the 
upper surface of the rail is a longitudinal groove, inch broad 
ancf 5 inch deep, or theri'abouts, to receive the flanges of carriage 
wlieels. The part of the top surface outside the groove is about 
1} inch broad, and is the rolling surface. The part inside the 
groove is corrugated with shallow ti-ansverse grooves, in order to 
enable carriage wheels to bo easily pulled obliquely across them 
wlieu required. lAoiu the under surface of the rail there projects 
downwards a longitudinal rib, with a flat flange at bottom. This 
rests upon a properly piepared bed of concrete or other firm 
material. The' sj)acc8 between and alongside the rails are filled 
with granite pavement, or other suitable covering. 

(bee A])pendix, pp. Till, 799, and 809; also Olark, On 
Tramways.) 
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Section IV. — Of IhiUways, 

428. Rctaisiniicc of Velii«:lc'ii on n Ijercl. — Lct f be the proportion 
t)f tlie resistance on a level Ho the gross load, eN»'ressed as a frac- 
tion; then resistance in lbs. {)er tub - 2,210 f.^ .....(1.) 

Tt is true that the part of tlie* resistance whi(fli is due to the dis- 
placement and friction of the air must de])end, not on the load, but 
on the dimensions and iigures of the vehicles; but »)U” experimental 
knowledge of the laws of the resistaneo of the air to bodies so large 
as railway carriages is scarcidy snllieicui*. to enable us to calculate 
that resistiiiice sej)arat(*ly with such preei\voM - ' > make the result 
of the comjuitatiou pi-aeticallv useful.*' ' 

(The co-ellicieiit of r(‘sistance on a h‘vel, f consists of two parts; 
one representing the efToct of friction, which is indepemdent of the ‘ 
speed; the other rcprt*si‘n ting the idlect of ctineussion and of the resist- 
ance of the air, which increases w ith the s[>eed. 'J'lie law according 
to which the latter ])ai*t of the co-cllici(‘iit of resistance inc I'uses is 
still uncertain, owing to the irregiilaritios of the rcsftlts of ex- 
periment. ; According to one fornnihi (founded on expcriinenta by 
Mr. Gooch), it is insensible up to a speed of about 10 miles an hour, 
and then increases nearly in the sim})le ratio of tlie (‘xci*.ss of tho 
s]ieed above that limit. According to aiiotJicr fovnula (that of J\Jr. 
D. K. Clark), it is nearly jirojiortional to the square; of the spet'd; 
and both those formula; agree, in a rough way, with exjxahneni. 

The following are tht' formuhe in question, in each of wdiich V 
denotes the velocity in miles an liour: — 


Co-eflicient of r(‘>AsUiiice,y’= •U02(>tS ^ 


: (-’■) 

a 

Eesistance in lbs. jier ton, 2,VWf= 6 | 






Co-efficient of resistunco,y’= *00268 

( D K)}’- 



• The following are two alternative fornuilie by the late M;. AVyndhnm Ilanling 
and Mr. Scott Russell, in wliich separate ex pressitais arc given lor the rcsiatanec* of tha 
air. In the first formula that resistance is ah.Mmicd to be pr()})orLiolllW to the area ot 
frontage of the train; in the second, to it^ volume. 

• 

1' denotes the weight of the train, in iorts, 

V, its velocity, in miles an hour. 

A, its area of frontage, in sj^uare feet. 

B, its volume, in cubic feet; then 

Asistance in lbs. = ( 6 -j- J ) T -p - ; or 

' 3 ' 'lOO 



V^B 

60 , 000 * 
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U< Mstiiti(<! in llis. per ton, 2,240 /= 6 + (3 a.) 

*• 

made sitid u.^^d in wJiich tin; co-eliicient of 
<*' ;istsni!ilJ as * 002 ^ or about 4 ,^ lUs. per ton, at 
\»lnriiir 4 h.)l < \(;<-cdin;^ 12 inilo.s an lioiiv, tlio ro.si.sCance being 
at .siiol) v<‘lociti<‘S.* 

Ini imila; 2 , 2 A, *}, o A, an* applicable to good railway carriages 
ui/|j priiigs, in Irain.s drawn by an engine at an uniform speed ov n 
u« lbniad(; line, in goorl y^pair, willi <‘asy cnrv<'.s, and in moderately 
<alni weatlier; tlie ex]>' *'nnents on wliieli they are founded having 
b<-en made under tliost; cii'cnni.stanees, ami the resistance determined 
by means of a dynainoin(*ter b<‘t\veeii tlie engine and the train. 

Another mode of det<*rmining tin' resistanci' of a carriage on a 
railway is to start it olf at a considerable speed, and allow it to 
come gradually !•» rest- by itsown resistance; but in tins inode of ex - 
ptTiirieiitinig, all bough the fiietioii is the same as in the other mode, 
tiu* resistanee arising (Vom eoueusNiou is eonsidiu'ably less, because 
much of lh(! \ibralion originates with tin* engiiie.f 

'fhe abM‘Uc(‘ of springs augments that part of the n‘sistance 
wliieli inei<‘as(‘s wj^li (.In* veloeity ; luit wagons without sj»rings are 
ust‘d only at mm y low spet'ds. ' 

^riu; I’oIIowing are some examples of resistances j)er ton at dif 
lereiit s[io(‘ds, cahadaleil by tlu; two formula; respect ivady: — 

S|M*i*(l ill mit'S .'111 tjour, V = lo 15 20 40 50 60 

/'by I'qualiiiu 2, *cx)j<)S '«><■> *ix)[02 '005 *00670 *00804 ’0093S 

‘2,‘4 Ai •••• 7^ 9 *5 21 

/ by rqn.itioii <x»2S7 * 041^10 'Oo;42 ‘00565 *007 55 ‘00938 

2,210 / by equalion ;{ A, . iry (>9^ 77 • 97 12*7 10*4 2I 

Mr. I>. K. t'lark consider.*, that his t‘xperiments indicate that 
the rt‘sistanee on a level, givtai by (‘ijualioiiH .‘1, a, is lialdc to be 

• 8*‘e KaiikiiiL' On Cylindrical Wheels on Railways; also Wood On Railroads. 
t To ascertain (la* n^si.staiico of a vehicle by cxpeninenls on itsgra ' lal retardation 
stone.s or other i.}<n'ks are to be dropped from the carriage at equal intervals of^timo 
(say of t seconds each), and the distances between those successive marks ineas^il. 

Let x,, j-g, (JiLc., be tIio.se ilntane-s in leet. /, the sino of the incliulraon. 

Then the velocities at the i-nd of 

/, 2 f, ilJ-C., spcoud.s, arc nearly, 

Vx = ~ 0= second. 

Let Vu and r,, 4- 1 denote the velocities at the end of n ^ and (n 1) ^ seconds, 
respectively. Then the co-ellieicnt of resistance at tlie end ofnt seconds is nearly, 

A 

/ = -[(t’li — »’« 4- /J z^r. i acc>Mdinir ir the gradient is ^ 
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exceeded in the following proportions, from various occasional 
causes : — 

From a road ill laid, or ui bad rcj)air, 40 

From resistance on curves, 20 

From strong side winds, 20 

Total, 80 

It may be lieki, InAvever, tliat all those causes of incnvised resist- 
ance are seldom combined at one time i ^ d j*iaee; .i.id 50 per 
cent, is a liberal allowance for 

The friction of good ordinary mineral wagons, at low speeds, 
may be estimated as ranging from 

8 lbs. per ton, or 00353 
to 10 lbs. ])er ton, or *00446 

and as being on an average about 

9 lbs. per ton, or 00402, or 1-2 50th nearly. (See p. 801 .) 

429 . Proportion of OrosM to (Vet Lioail. — 111 the following state- 
ineni the ordinary proportions of the weight of goods and niinc'ral 
W'agons to the Ioa<N which they carry are given on the authority of 
INlr. n. K. Clark j and from tho.se^ propcu tions are deduced the 
proportions of gross to net load in goods and mineral 1 rains: — 

Wagon Gross T oad 
Ni>t l^oad. ~ Nf't Load. 

Well made o])on wag(*n.s, \ i.J ’• 

Well made e,ovci*ed wagons, ^ i',‘ 

< )l\iiri.sy wagons, 1 2 

In computing the gross load to be drawn bohiml a locomotive 
engine which has a tender, the weight of the tender (see p. 791 ) 
is to be added to that of the wagons and their load. 

Passengers without luggage may be estimated at about 15 or 16 
to the ton, and with luggage, about 10 to the tun (bv.u thi.s Ja.st is 
an uncertain estimate). In a ms.scuger train the gross load may 
be roughly estimated at about three times the net load. Many 
of th© fast trains are now composed of Jong and heavy vobjcleB ; 
for some data in regard to this, see pp. 794 and 798 . In light 
carriages on horse-worked railways the gross load need not 
exceed double the net load. 

^ 430 . The TraciiT* Force which the prime movers on railways 
exert will here be con udered so far as it is connected with the 
question of gradients, fhe prime, movers commonly employed on 

2t - - 


})cr cent 
♦ 

tf 

If 
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railways aro, gravity, liorses, fixed steam engines, and locomotive 
steam onginc‘s, 'I in; strength of men and the force of the wind 
have also h<M;n employed, hut in isolated experiments only. 

T. eitla i# assists or t^iposeS the otlnjr kinds of motive 

j>ower on all im lifted parts of a* railway. It may act as the 
sole* iii()ti\o jM)\ver on a descending gradient that is 'sufficiently 
hixjep. 

'l’lie*on]y case in which giavil.y acl s as a tractive force on a rail- 
way is that f)!’ a “ acJfactl^hj htclined plancf on which a train of 
loaded wagons dc*sc(Muliw draws ii]) a train of empty wagons, 
l.ct i he the sine of 1 he inclination of the ]>lane,/’the co-efficient of 
resistance of the wagons, 'P tin* weight of a train of emj)ty wagons, 
W tlie net load of a train. Then the availahJe traetive force at an 
auiforni spc'ed is 

('• -f) ('«' + W). 

'riie wire ropes used (see pp. 798 to MOO) are usually endlesR, 
uiid lie on a series of shc*aves (n' jmllies 7 vards a[)art. Tiie 
and lies on a scries of sheaves or pnllies 7 yards apsirt. Tho 
wvdght of each shi)av«j is hotweeii 90 and 30 lbs. ; th(‘ weight of the 
rope (allowing 6 tyt the factor of safety) per foot of its lemjih should be 
l-'hO()OMi of flic greatest working t(‘nsion. Ijct It be the weight of 
th<‘ ro])e and pivlliesj tladr t(»lal resistance is iisnally estimated at 
about l-90ili of their weight, and the resistance* of the train of 
ein]»tv wagons is (i + f) T. In 'order that tlie tractive force may 
simply balance the resistances, we must liave 

(i -/) (T + AV) = I; + it +/) T; (1.) 

and the iiu-lined plain* will not woik unless the inclination is 
steeper than lliat gi\<*ii by .soKjug the above etpiation ; that is to 

i must bc‘ giviitcr tlmii | + /(W + 2 T) j W....(2.) 

„ Assume /■= 004, T = W — 9; then 

i must be greater than | | {2 a.) 

Tlie excess of steepness above this limit causes an exce.ss of 
ti-active force above resistance, which produces accelei'ated motion. 
The acceleration may be allowed to go on so long as the velocity 
doer n<:^t exceed a safe limit; so soon as that limit has been attained, 
the surplus tiactive force must be counteracted by the use of the 
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brake.* The wear of wire ropes is from 07 to 100 j)er cent, per 
annum. 

IT. Horses . — An animal firodivces its ^n*cat(‘»t day's work when 
working for eight hours per* day, iuid wiili a ce rtain d'"|tiiute Bi)eed 
and tractive force. • • 


Let Pj denote the ti*iietiv(‘ foive eor> spoiuling to tlie greatest 
day’s work ; • 

P, any oth<*r tractive iorce ; 

tlie s|)(‘i‘(l corresponding to if 'l.i; ^ 'ork; 

V, any otlier spc<‘d ; 

T, the time, in hours pcu* day. duiiiig wliiih tin* exertion is 
kept uj). 


Then the following formula is .ipproviiuately true, tor ciVoi-l^^ and 
speeds not greatly differing froni I', and and lor times not 
greatly exceeding eight hours per day : — 


J» 

J’. 



(‘V) 


For a good average <lranght hoi‘se the following data are nearly 
correct : -- 


1:^(1 lh.s. 

\ I = 3'li 1(i;t ])(*r second, >r al>oju miles an Jionr. 

For a high-bred ho’se of a\erage strength and activity it is 
dillicult to assign Ihe v'alues of Pj ami Vj, for want of sullicl«nt 
datiu Tlie following \ lues .igree in agemial wav \Nith some of 
the results of ex]terieuce in tlie* traction of stage coaches and of 
bglit railway carriages; — 


‘ It is seldom necessary to enter into detailed calculatiniis a'< to the oflTcct of 
acceleration on u self-acting inclined |»lane. It may sometimes, l»o\\ over, he dusirablo 
CO do so, where the declivity is so slij;ht that there is n doubt whether ttn; velocity 
attained will he siidiciently groat to enable a p.iir of trains to tra4ur>c the inclined 
plane without incon\enient delay. 

To find the time ocenpiod in traversing the plane unimin‘ded, let M dcnoLe«the 
total weight of the rope and sheaves, and of both trains, together with oiie-half of the 
weight of the pulHes. Let F denote the of the tractive force aflovo the 

reeistaaceu Let L be the length of the plane;* then 


time in seconds 


V ifi*’ 


nearly. 


The mean velocity may of course be found by dividing L by this lime ; and 
the greatest velocity acquired is double of the mean velocity. , ^ 
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. r, = 64 lbs. 

V, = 7*2 fb<it per second, or about 5 miles an hour. 

•• 

The follywiir^ oxaiiiples ^ • 


T, lumrs p(‘r day,.. 


• 4 

4 4 11 

• 

I 1 

V, miles an hour, . 
P, tnictive lbi*ee, = 

Cl) 

- f) 

1 

7.J to 5 

10 12* 


.rj 

r- <j 0 

1 

64 33 T20 8tS 

56 24 


It may btj ohs(jrved that the preceding data and calculations 
have r(derence to avet'wje speeds, and that the horse may occasion- 
ally b(i reipimjd to exca t IVoni once and a-half to double the efforts 
above stated, provided that h(‘ is allowed to slacken his speed 
during the <incr(niscd eflbrt, and lhat the additional exci*tion is 
kept up for a short time only. 

III. Fixed Hteam F^Kjinfm arc employed for the most part on 
short distanccjs, where tiu* sjieed is moderate and the inclination 
steci]). Their powj^* is usually a]»plied to an endless roj)e running 
on sheaves, like tliat of a self-acting inclined jdane (p. G3G). The 
steam engine is jdaced at the top of the ascent, and drives a 
largo horizontal east iron jailly, from 5 to 10 feet in diameter, 
having throe or four gr(K)V(!S in it. rim. ThiwS k called the driving 
indly. At a sliort distance* in front of that ] ml ly (that is, in the 
down hill direction) is a [udly one or two feet smaller in diameter, 
and with one groove lewc'i* in its rim. This is called the st/raininy 
pully : it rests on a small four-wh^eelcd truck, and is pulled away 
from the <lrivjug pully by a chain and weight, the weight being 
Builicient to give, the requisite tension t«) the ro]K', which is camcil 
round the grooves of the two pullies. At the foot of the inclined 
plane the r<‘|»e pas.ses round a third horizontal pully, as largo as 
the driving pully. 

The engine works to the b<»st advantagii, and t? j rope is least 
strained, wlieh one train is ascending and another descending at the 
same time. 

The greatest tension on the rope is found is follow’^s: — 

Jjet^^ denote the greatest tractive force required to overcome 
gravity, and the iricLion of the train, rope, and sheaves, calcu- 
lated as in p. C36. About one-third of this will be the tension 
reejuired at the de.sccnding side of tlie rope, to give* sufficient 
or adhesion between it and the driving pully, so that 
the greatest working Hension at the ascending side of the rope 
will be about. 
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1 : 3:1 P;* (4.) 

and its weight per foot, if madcf of strong chnrcoal iron wire, 
should be 1 -4500th of this. • The pull upon tlir axis of the* straining 
pully should be about • { 

2-74 R* ..(5.) 

To find the indicated horse-power of the engine, h‘t 27*be tlie 


velocity of the roj)e in feet per second velocity ’ ^ miles an hour 
X ]*46G)j then 


the multiplier I ‘25 being introduced on the .sup])osition that tin; 
friction of the steam engine wastes om^-fifth of the indicat* d 
])Ower. (As to “ Wire Tramways,” see pp. 701 and 799.) 

Another mode of transmitting the [)uwer of the llxtd engine to 
the train is to employ the cngiin*, by im*ans of a large fan, to ex- 
haust air from or blow air into a tub<*, ahmg w}ji(4i a piston is ja-o- 
polled towards or from the engiiie statioii bj^ tlie excess of the 
pressure behind it above tin* prossnre in front ••f it. TJi(* tube is 
a brick tunnel, witli rail.^ Iai»l along f|j(' bn(f(nn, on winch tho 
wheels of tin; carriage J*un; and the piston is a sJiield llxetl on the 
t'lid of the carriage m‘xt the blowing « ngine, and liaving enough of 
clearance round its edge to piT\(‘nt rubbing against^ the brickwork. 
The edge of tlie shie ld lias a cloth fringe to tliininisli leakage. hVir 
conveying paiveN the tuimel is about .1 hud, in diameter; aml^tlie 
apparatus is called the “ Pneiinjati<* Dis|jalclj.” 

TV. Locomotive Eiiginm, — Th« tractive force of a locomotive engine 
is in goiierdl limited, not by the power wliicli tlio engine is capable 
of exerting — for that is almost ahvays more than sutlicient to draw 
any load that it ever has to convey — hut hy th(;“ as it is 

called, or force wliich prevents the driving wJieel.s frciiu slipping on 
the rails. 

The adhesion is ccpial t(» the w'eight w]ii<*h .on the driving 
wheels, multijdied by a co-elUcieiit which ilepends oiftlie condition 
of the surface of the rails; bCiUg greatest wlien thiy are clean^and 
dry, and least when they are wet and greasy, or covered with ice. 

•These calculations are made on the suppo'-ition tliat the co-etTicient of friction 
between the wire rope and the driving pully is *15, that there are three grooves in the 
driving pullyi and that the tension i.s made ju<tt suflicieiit to prevent slipping. In 
practice, however, it is not uncommon to strain tlie rope till the tension at* tlic^(.‘«iccud- 
ing side is equal to the tractive force; and in that cn.se • 

greatest tension at the ascendin'' side = 2 P ; « ^ 

pull on the axis of the strainirg pully = 5*7 P. 
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On an average, the adhesion of a locomotive engine may be 
estimated at about one-seventh of the load on the driving wheels ; 
for by sj)rinkliiig sand on the rails wHen they are slimy, or if they 
are icy, diiectiug jjjts of steain*on t^iem, it may in general be 
prevented from below that amount. 

Locomotive engines are seldom made with fewer than six wheels. 
Those which are intended for the propulsion of comparatively light 
trains at high spe(»ds may have one pair of driving wheels of from 
f) feet 6 imdie. to 7 feet 6 inches, and sometimes even 8 feet in 
diameter. Tlie h(;st positj/n for the shaft of that pair of wheels is 
nearly under th(i c(Uitre^< gravity of the engine, in which case, by 
proper adjustment of the springs, it can be made to bear any pro- 
j)ortioii of the weight from ~ to .J. 

Locomotive cngiiics, although in their essential characteristics 
having varied littbi since their introduction, still (owing to the 
increasing (hunand.s for si)eed and great haulage power and the 
various featfires of lailway tra(*«ks) ditlbr very much in detail from 
early ty])es. 

Tn tin* earliijr days the tender was always a necessary altachnient, 
and still is when long runs are to be made; but now, in many 
cases, tan k-(’ngi lies, are employed for short runs, where the water 
can be carried alongside of the boil<*r as well as coal behind the 
footplate. Passenger engines are now of such wtdghts that from 
13 to 1() tons of the weight come upon (*ach pair of driving wheels. 
In express [lassfuiger engines thd driving wheels may be 7 feet 
diameter, whilst in local service trains and in goods engines 4 or 5 
feet diameter is used. 

^teaiii pressures of loO, 175, and 20(f lbs. per square inch are 
used, and in some case.s the coinp(/iiiul system of engine has been 
adopted where long runs without much change of gradient obtains. 

Some of the express [lasseiigor locomotives will take a train, 
ireighing fully 200 tons including the weiglit of the engine, over 
long distances at the rate of about 50 miles per hour, on the 
average, the coal hurnetl per mile being about 45 lbs. Siicli 
engines may be considered capable of working up to about 1,000 
indicated horse-pow'er. The tractive resistance at this speed be- 
comes about 20 lbs. per ton of weig,ht drawn, (See also pp. 634 
and 802.) 

«r ’ 

Weights op Kncjinks 'with separate Tenders. 


(2’Atf Tender weitfhe u’ith water aUmt 30 fn/if.) 

Pssseuger locomotives, 

Goods locomotivcsl', from four to six wheels | 
coupled, f 


Tons. 

40 to 55 
60 to 65 
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Weights of Tank Engines, carryinc^ Fuel and Water. 

Toua 

For light traliic on br;ii?cli Ihi.w 20 to 30 

For heavy tratlic ou steep inclined plauesj..... 60 to 80 

In comparing the tractive force of a locomotive engine, as 
limited by adhesion, with the I’csisfcance and grivity of ‘ho train 
which it is to draw, it is obvious that ihe- resistance duc‘ to friction 
and concussion of the eughie itself to lu* left out of account; for 
that resistance does not constiiiitt‘ a ha ‘kward pi»'‘ o- the <‘ngine, 
tending to make the driving wheels slip. 

It appears, then, that the untihihlc ! force of a locomotive 
engine in aseemling a given inclined plane, whi<‘h must be at hiast 
equal to the resistance of the heavh'st train ihat it has to draw, is 
to be found by subtracting from th<* adhesi<»n that comp<ment of 
the weight of the engine which acts as a rt'si stance to its aset d.; 
that is to say. 

Let E denote the total weight of tlic engine ; 

q E, that part of the weight which r(‘sts on the driving 
wheels; 

f, the sine of the im;lir»ation of the railwfty ; 

P, the availahle tractive force; then 



li. 


(’•) 

c 

The following are examples: — 


• 




y- 


Passenger engines, one pair of driving f fro)ii 

•33 

•048 — i 

wlu'ols, 

.. ( to 


■07 1 — i 

Goods engines, two [)airs of wliet 

4 s j from 


•095 — i 

coupled, 

... 1 .0 

■/o 

•ro7 - i 

Goods engines, all wheels cou]>led,.. 

• 

1 

■i 1.; — i 


By an invention of Mr. Itanisbottoin’s, tin; tender of a locomotive 
is made to supply itself with water A\jjile in motion, through a 
tubular scoop which dips into a long water-trough'i^ing between 
the rails. The s[)e(‘d should- he at least 'I’l miles an hour, to 
enable the apparatus to work, t^er* pp 602 , bUy, and 810 .) * 

Buiinis Cii'udicuiB of Kniiwoyif — 3 ’he gemaal natufli of a 
ruling gradient, and of the pi*inci])le.s according to wljicli it is 
determined, have been explained in Article 41 /), [>. 

inclined plama and Ji.icefl engine inclined planes are 
exceptional cases, whieh are not coinpndieiided under the geimral 
principles according to which ruling gradieri^s are determined. 

UoTse-power is applicable to lines of sliort length and li^ht^ tratlic 
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only. The triictiv<* loroc which a horse can exert mider vanous 
circuniBtaiiC4i.s lias h(!on stated in Article 430, Division II., p. 637. 
The iiKian resistanet; of the goods ffiid Tninoral wagons on a level 
may he takru at 1-l^iOth of the ^*osa h>ad, or 9 lbs. per ton;, and if 
the passi ifg^ r iMii Jiges are carelitlly consti-iicted, in a manner 
Bpr;(;iall^ siiitfd to tlie traflic, their resistance may be taken at 
1-oOOfli, or''4.J lbs. per ton, on a level straight line, and *00268, or 
l-;{7.‘bh or 6 lbs. per ton, on a level line with a moderate pro- 
poi-tioii ol' ewrvfis in its course. It appears from ex])erieuce that 
gradients of from 1 in Uj/ to 1 in 70 may be siirmoimteu without 
auxiliary power, provid<^'‘^tbey do not ext(;nd to a distance of more 
tlian two miles, or thereaboiiLs, at a stretch, and that the horse is 
not urged to a higlaa* sju‘<‘d than he naturally assumes; but for 
longer ascents it i.s advi.sable, if possible, to limit tlie steepness to 1 
ill 200. On ascents of i'roin I in 50 to 1 in 10, or steeper, either 
th(^ l(»ad drawn by one bor.se on other [►arts of the line should be 
dividi'd bet,jve('n two, t»r :in auxiliary bors(‘, should be harnessed to 
each carriage (n* train, and tin* sp(‘e«l should not exceed a walking 
pace. Stei*p ascents for \ci*y .shorl di.s1a,n(‘cs may sometimes be 
6iirmount(‘d by taking a “ nice” at them. 

til fixing the rnlbig gr;nlicnt of a locomolira railway, it is not to 
b(* supposed tliat j-ules deduct'd from the genei'al principles already 
('xplained are to be held as absolutt'ly binding. 'Flieir proper use 
is to guide the (*ngini*('r, when no cause twists sullieit'ut in his judg- 
ment to warrant a deviatitin from* them. 

This being miderstotnl, it appears that there are tour things to 
adajited tt) each oilier, — tin; greatt\st load of a train, the least 
spetd of ctinveyanet* in aset*ntling declivities, the description of 
engine, and tin* ruling gratlitmt; J^hat is, tiie steepest gradient up 
which the ordinary tr.illie is et)nvt*yed by tlie ordinary engines of 
the line, witlit>nt tlie .aid of ;ui\iliarv engines sjieeially adapted to 
steep inclined ]^lanes. Tin* adaptation of those* four things to each 
other is indicated by tlie folhiwiiig eejuation, in wdiieh Mr. Clark’s 
formula, Artieh* 428, eepiutiun 3, p. 633, is adoiited for the resist- 
ance of the train : — 

^ 9 

liCt E denote the weight of the engine (s(*e Article 430, ]>. 640). 

* q E, the part <if that weight which rests on the driving 
% wheels (see Article 130, p. 641). 

T, the gross weight of the train and tender (if there is a 
tender). As to the proportion of gi*o. s to net load, see 
Article 420, }>. 635 ; as to the freight of the tender, see 
. Article 430, }>. 640. 

V , » he least speed in miles per hour ati which the conditions of 
^ the tratfic will :idmii of the rithiig grailient being ascended. 
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the sine of the ruling gradient (whose inclination in 
ordinary terms will lie described as 1 in ; then 

(|-<)E={ooics(i + ,j;,)+;}T. (..) 

From this equation are deduced the following formulsR: given 
qj t, V, to find the ratio of the weiglit of tin' engi!’** to that of the 
train and tender; also tlie reciproeal of ih^i j-jitio -- 

^ t 
i 

T * •■■ = (I - 0 * { ■«'“•* (' + I ,L’«) + ‘ ■ P’ > 
given E, T, «, to find tlie s[>ecd of ascent V ; 

V = 7:):i ^ { g— »•) - OOl'OS.- 1 1 ; (4.) 

given E, q, T, V, to find tin' ruling gr.idit nt /; 

-I., ^(K_+n (■..) 

According to Mr. Clark’s allowance ol* .00 per cent, for occasional 
or contingent resistances referred to in Artidti 428, p. 035, *00402 
may occasionally have to be substituted for -01)208 iji the preceding 
formulae. » 

The following may be taken as exam])lcs of the results of such 
computations, the formula enijiloyed being ecpjatioji 3 : — 


Example. 

Speed in miles an hour, 

Weight of engine, 

Number of driving or coupled wheels. 


Load on driving or coupled wheels,... 
Weight of tender, 


Aficcudiiig 

i;radient. 


50, 

in 8o, 

in 100, 

in 1333, 

in 200, f. 


1. 

11 . 

III. 

-24 

r.s 

J 2 

'Jon*'. 

'J'niJ.s. 

'1 OMS. 

20 

3 «^. 

30 

2 

4 

all 

Tons. 

Tons. 

'l'ori.s. 

10 

21 

3 « 

10 

12 

15 

33 

91 

143 

63 

154 

238 

79 

191 

293* 

104 

245 

37 . i 

142 

332 

505 > 
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Tho tiling to Ik‘. |»riri( ij»{illy considered iii lixing a ruling gradient 
is the tralTie. luiving been uscci*tained, so iis to determine the 

prohiihir gross loafl of the sevt^iil •descriptions of passenger and 
goods l.rjiiii.s, ;uid lJ>o speed at \fliicli ^Ju‘y are to run up the steepest 
parts of iln‘ line, Th<i ruling gradkiut is to be fixed so that engines 
witli not more than about 5 tons of load on each wlieel may be able 
to (|j,iu tlje trains. 

It in general batl economy to incur lieavy works in order to 
ease tlie luling gradient, ni(;r<‘ly for the sake oY enabling light 
e/igincs to eonvey a la^y trallic; but where tlie tradic light, 
and 7node*rat<! grad ienl^'*' can he o)>tainod witliout heavy works, light 
engines may be used with advantage. 

4.‘11 A. I'he Ac'iion oi iirakc‘«i may ])av(^ to ho considered in con 
iiection with (piesHons respi m* ting grad i<'nt.s. 

'Plui inimediale ellect of ap])jying brakes is to stop wliolly or 
partially either soim* or all of the wheels of the train, so that they slide 
iiistea<l of rolling on thr rails; and the incr(‘ased resistance thus 
produeisl st<»|is llu* imneimait of tin; train in the course of a //me 
[U’oportional <lir('<:tly to the speed and iriv(*rsely to tlie resistance, 
Mild oi' ii proportional dinvtly to the square of the speed 

and inversely 1<» the re‘^istance. Thr in the course of which 

th<! train is s(oppe<l is of more importauct* ])ractically than the 
time, and is found as f<j]lov\s: — 

Let /' he th(i proportion which the resistance jiroduced by tlie 
brakvs bears to the weiglit of the train; 

Vf the s])(‘ed in leet ]ier second; then 

distance in iV'et on a level = 7 /^ -t- 6'4’4 y*'. (1.) 

For ]iraetical purposes it is mere convenient to state the velocity 
in mihis an hour. L^^t. V (Uaiote. that velocity; then 

distance in feet 011 a h*vel — -t- 30/*' nearly (2.) 

There aro si'll-aeting l>rak<'s, operated upon by the buffers, by 
meclianisiii workiul by steam, or otherwise, vhich act on all the 

wheels at oipx'. For such brakes it may be considered that 

* » 

/' = • 14,ncarJy. (3.) 

Itis not considereil desinible to stop a train much more suddenly 
than these brakes do, lest an hijurious shock shoidd be produced. 

For ordinary brakes, worked by hand in caiTiagos called “brake 
vans,” the value of y ' may be estimated as ningiiig 

‘ from about *031 to *023; (4.) 

« 

^ ^ * See Appendix, pp. 789 and 796. 
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SO that they stop the trains in distances raifgiiig from 4 i to 6 tilings 
the distances required hy brakes. tliat act on all tlie wlioola.* 

The following are some of tlq^ results of tliose data, • Jculaterl in 
round numbers, as precision oi^calci. Nation is useless in this case: — 


Speed in mibs an hour,.... 

Distance in feet required for'J 
stopping the train on a ]e\ (4, f 
with brakes acting on all llu* T 
wheels, / 

With ordinary bi-akes, . . . | 


1 

IQ 

20 

30* 50 60 

^4 

ij6 

2lf> 384 600 •*8()f 

io8 

144 

4.521 

r> 7 <> 

^972 17.*- J700 3888 
\2ijcy 2304 3600 5184 


On a gradient ascending at the ratt* »)f 1 in 1 ?, tin* iv.sist.aneo 

available for stopj»ing tin" train beconn's /*' -1- /, and it is stopped in 
so much th(' sliorUu* distance. 

On a gradient dcsceaduty at the rate of 1 in I <, tln» resisl.aiic‘c 
available for stop})iug the train is diminished to /' — and the 
distance required for sto[>ping it becomes, 

distance on a level X f' -h {J^ — t) (o.) 

4«32. OrnclieiilH mIiIi Aiixiliairf l*ower. — WIuM'e an inclined plane 
occurs steejK'r than tlu5 ruling gradi' ut, auxiliai v powei* may bo 
applh'd either by atiachingan additional locomolive to each (rain, 
or by having spechd locomotiv«*s vf great weigli( mihI power to 
draw the trains up, oi* by using a lixed eiiLjiiM' ami* rope 'riio 
economy of the use of auxiliary power d<q>en(ls mainly on (ho 
ennstauey with which it can be kept aT> work; and (his dt*pends o.\ 
the nature of tlu' traltie. 

The locomotive engines used for this piirjiose an^ usually tank 
engines, in order that tlie weight producing adhesion may be as 
great as possible. 

433. Po%v«;r Exei'fecl by Ijoc-oinolirt* — ^iJcsidos drawing 

the train, the locomotive (*ngine has (o o\errome the i-esistunce of 
its own wheels and axles, and of its own nu'clianism. If ( he power 
or mechanical energy expended in overeoming tliin*. additional 
resistance, while the engine tr^iv’^cls ovt-]* a given distance, bo 
divided by that dis(ance, there is cibtained the additional traii^ 
resistance which woidd be equivalent to the resistance i>l!i the 
engine; and this being added to the nesistance of tlie tender ami 
train, gives the gross resistance of tlu; engine, temler, and train. 
Various rule-s have been proposed and tiied for computing tlie 
additional resistance of the engine. ^ 

The following rule is founded on tlu* principV; tliat the re.sistaiieo 
of the engine consists of two pa* (s; the first, being the resistance of 
• See Adileiiduiii, p. 79'J, 
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the engine as a cnrrto<^ is the same with t])at of a train of the 
same weight; the scjcoud, being the resistance caused by the strain 
on tlie inochaiiism, bears a certaOi proportion to the whole re- 
sistance of the (iiigine and tiain, whether arising from friction, 
coiicnssiojj, or gnijoty ; and that |froportion appears to be about one- 
tliird. Tliat ]»rinciple is expressed by the following' formula for 
tlic* gross rc.sislanc(i Iv, of an (‘iigine whose weight is E, drawing a 
t< ruh‘i- and train whose gross weight is T, at the speed of V miles 
an hour up an incline ot 1 in 1 i : — 

R = (T / R) { 00208 (l + 1 440) + i } ; (i-) 

or if 11 is in lbs., and T and E in tons, 

R = (T + E) • { 8 + + 2,987 i } (2.) 


Under unfavourable circum stances *00402 may occasionally have 

V'i V2 

to be substituted for •002(>8, and 12 -f- for 8 -f* , . ,/v- 

I JO I oO 

Fov a dosceiu^Kng gradient, each term in t is lo he subtracted 
in.stcad of addend. 

'i’lic energy <ixertod by the engine per minute, in foot-pounds, is 
the [)roduct of the cUbrt or gross re.sistauce in pounds and speed in 
feet [)cr minute ; that is to say,. 


88 V J{; (:J.) 


(one mile an hour being 88 feet per minute). 
power is 

88 V It _ V ll 
53,000 “■ 37d" ' 


^J’he indicated horse- 

( 4 ) 


Let A be the area of each of the two pistons ot the engine, 
in scpiare inches; the mean effective pvtssure^ in lbs. on the 
square inch; c, the circiiinfcronce of the driving wheels, in feet; 
Z, the Icuj^^uii of sti’oke of the ])i.stons, also in feet; also, let d 
be the diameter of the j)istons, avd D that of the driving wheels; 
then 


• The above formula (UflTois from that of IMr. 1). K, Clark in the following 
respects: — One-third is added to the whole resistance of the engine and train, 
considered as carri.iges, whether arising from friction, concussion, or gravity; whereas, 
in Clark's formula, onc-third is added to the triction, two-fifths to the resistance 
from cunoussion, and not{iing to the resistance from gravity. 
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The volume swe^tt through 
by tlve piston per imnute. 
in cubic feet. 

Exampli:, 

Speed in inilea an hour, 

Ascending gradient, 

Weight of* engine, 

Weight of tender, 

Weight of train 

Circumference of driving ) 

wheel, j 

Stroke of pistons, 

Area of eacli piston, 

Effort or gross n'si.stanee, ... 
Mean effective pressure in 
lbs. on tin* scpian* ineli, ) 
Mean speed of [)ibt.()ns, | 

feet per minute, f 

Volume swept tlircMigh by | 
pistons in culnc feet per 

minute, ) 

Indicated liorse-power, 


22/ V A 

1 I / V 


9 c 

i/ d ' 


I. 

II. 

HI. 

^4 . 

;S 

1 2 

* I3.r3 

I in T 3.^-3 

1 in 80 

20 toilH 

30 tons 

30 tons 

lO „ 



IO.| ,, 

245 


20 f<*et 

15 f<V't 

14 foot 

* >> 

2 » 

3 fib. 3 in. 

200 in. 

22O s<p in. 

253 wj. iiu 

4,502 lbs. 

9,2 1 1 


.J M 

7^*7 >» 

» 

422-4 

422-4^ 

32«-«r. 

1*73 3 

i;P5-9 


2S8 


4.8 


The mean effective pressure of steam in the cyllndr'r is regulated 
by the effort required to orcrcoine th(‘ rt'.sistaner*, as ‘diown by the 
formulue and calculations just giv'en. ^J’he pressure of the steam in 
the boiler exceeds the mean effective pressure in the* cylinder in a 
proportion depending on the extent to which tln^ stcNim is worked 
expansively, and various other circumstaiices. The pressures 
used reach nearly to 200 lbs. per square inch, which appci^rs to 
favour economy. (See pp. 794 and 798.) The compound sysbjra 
has been tried in locomotives both in this country and abroad; the 
results are most favourable on long runs with little variation of 
gradient. 

The speed at which the engine runs when exerting a given effort 
is regulated by the quantity of pteam at the required pressure which 
the boiler is capable of producing; which quantity depends nn the 
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quantity offnol tluit rjiii* l)o. burned in tlic furnace in a given time, 
and th(j efHci(‘ncy '>f that fuel irf pi^luc-ing steaiii. 

'fhe consumption of fuel b> lodinniotive engines, ))ei‘ indicated 
liors(*-|)nw( )* per lioin\ may be eHtiiiuAed as mnging from o to 5 lbs., 
and the e vnporatirn from 7 to 9 lUs. per lb. of iiiol. The whole area 
of Ix'.iting surface iii ordinary <‘ngines varies from S'OO to 2,000 
Hqn;ir<‘ fe(‘L; and the area of heating suifaee for each lb. of fuel 
burned per Ijoiir varies from about half a square* foot to IJ square 
font, and is on an a’>iei*age about one square foot. (Sec also p. 802.) 

Tlic action of the Id.^st-pipc gives to the locomotive engine the 
])ow(*r of adapting its • eoiisum|)tion of fuel to the work which it 
lias to ]K*rfonn, within certain limits. Hence the rapid consumption 
of fuel by lu'avy and ])owerful engines, in ascending steep inclined 
plain s, is to a great e.xtont compensated by the savirig which takes 
place in descending. 

r'or details of the construction of locomotive engines, and of the 
notion of tlie fuel and steam in them, sec Jamieson O 71 Out Steam 
JiJtiffincy Sauvage, La Mtirhiae /jocomoiive, Woods O71 Compo^ind 
Loromolivctt^ FJet<;lier O/i Stemn J.ocamotio 7 i 071 Co 7 yimon Jianrh^ 
D. K. (dark O/. L^aihray Maehmery^ Z. Oolbnrn Oti Locomotvot 
JlJnginfrinyj an^^‘ tlic Autlior On IWime Movers, 

4.‘14. — J. AtJdiihwaJ RpsisUiTice on C7m:es . — Curves on a 

line of milway increase tin* resist.an<*e to an (‘xtent which is some- 
what uncertain. From cx|)eriim*nis made by Li(mt(*nant David 
Kankine ainl tlie author on b\;lit passenger 'Carriages with truly 
cylindrical wlieels, having a resistanec of 'lK)2, or 4,^ lbs. per ton, on 
a level stiviiglit liin*, it appeared that the additional resistance was 

in fr:ictions of tin* load, 3*3 ^ -i- ’radius iu feet ; 1 

or, '000623 radius in iniK*s; \ (1.) 
or in lbs. ]ier ton, 1-4 -f- radius in mill's.* j 

So long as ibe* jiractioe prevailed of Utperuaj tin* tires of wheels 
to a considerable extent, the r(*sistunces on curves and straight lines 
appear to liavobei’ii nearly equal : the tapei od or conical form some- 
what diminishing the resistance on curves, wline it coihsiderably 
increased that on straight lines, by^ causing the carriages to move in 
a" serpentine course, and so augmenting the resistance due to con- 
cusskn. Ibit since the ta])er of the wheels has been in some cases 
done away with, and in otheiw made very slight 1-iir 40), the 

resistance on straight lines has become sensibly, less tlian on curves. 

Some experiments on American railways by Mr. Latrobe give, 
for tjie resistance due to curvature, the following results 


Kankine On Cyliihdi^ctil Wheels, 1842. 
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•36 Aidius in feot; 

•(^o ;58 -r radius in inilug 

or in li»s. per ton, ~ nidius in luiJcs; 


in fractions of the load, 
or, 


( 2 .) 


ct; ) 
lies; S 
iJcs; j 
iiose gi\ 
to till use of “ ” 


-r radius in miles 
~ ni 

The smallness of these r<‘jfults, comixirctl wij^h thosij gi\en in 
the formula* ( 1 ), may jierhaps no owin, 
esuTiages. 

II. Adaptation oj Vehldcfi ti> < — Both ('ugines and carnages 

are adapted to sharj»ly curved lines of rail\^' y by means oV the 
“bogey” — a truck capable of tiuming about i pi\ot into various 
positions I'clativcly to he carriage or eir-ine \\Jiielj 0 hupjjorts. 
A long passenger carriage is snp]>orted < n t w o Jbur-^^lJe<■l -d bogeys, 
one near each end. The “Fairlic” locomotive engine is sup- 
jiorted in the same way; each of the liogeys ir.is its wheels 
driven by an iiuh'iiendent engine, and the boiler and fnrnaciJ 
are in the middle, (^ee 7^he En[iineA',r^ 1 >> 70 , vol. xxi-x., p. 1^89. ) 
Instead of bogeys and pivot.s, IMr. W. 1]. Adams uses a 
pair of axle-boxes for the leading whetds, sliding ill curved 
guides, whn.‘!e centre is at a ])oiid near the middle of the 
carriage. By the aid of such contiixances (‘iigines and 
carriages are enabled to jiass round ciii’M's of radii as small as 
3^ chains (231 feet). ()n Biitish railways, ci?rves of sharper 
radii than 10 cliains ai-e of rare ocenrrei.ee, (See Addicnua, 

791.) 

III. Cant of Rails oJ a Curve, — Tlii.s hrm deuet»\s the transverse 

slope which is given to the Mirl’aci of the rails of a eui vc, in ordca* 
to counteract the tendency of the eari-iagc^s to go straight lor\'ard, 
and so to leave tin* curve. That tcudeney arises from tlin'C cause's, 
— from the ceutrifugal force, from the paialleli.siii id’ tin* axh'S, anil 
from the slij) of the wlieeJs. • 

Let V be the velocity of a train in feet per second, moving round 
a curve of the radius r in feet, then its cenidfuyal force bears to its 
weight the pro])ortioii of 


\'>r'2 r 


.(3.) 


and this is tlie ratio which the cant, or elevation of tli4U)uter above 
the inner rail of the cnr\ ed line of rails, must bear to the oauoe, or 
transverse distance bi*tween the rails. 

If V be the speed in miles an hour, • 

V2 

cant for centrifugal force = gauge X . .. nearly.... (4.) 

lO T 

The clear gauge is — 

On British railways, 4 feet 8 ? inchei^ 

(See p. 798 for various gaug^ 8 .) 

On Irish railways, h feet 3 inches. * 
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One-half of the uint 


Should |>o 


given hy raising the outer rail 
above the level of tlic3 centre lirfc, tiie other half by depressing the 
inner mil. It. is iinf)ossible toXdji&t the cant alike for all speeds; 
but it is btjst to ;iflapt it nearly to 4 he highest speed of ordinary 
occurmric'c on tlicJUne. $ 

For example, suppose that speed to be 40 miles an' hour; then 
tlie vnJne.s of the cant f(»r centrifugal force, in inches, are as follows 
for (JiO’erent gauges I — 

Gaii^e. , « Cant for CcMitrifii^al Force, in Inches. 


4 feet 8^ iuclfcs. 

5 ’» .1 >» 

h ,, o 

7 n ^ j) 


6,000 radius in feet. 
6,720 ~ radius in feet 
7,680 ~ radius in feet. 
8,960 -r radius in feet. 


The tendency to leave the lint' which arises from the axles being 
parallel, ipstead of radiating from the centre of tlie curve, cannot 
easily lx*, distinguished fium that due to the next oausi'. 

TJui t('nd(;n(ty to l(‘a\e tin* line which arises from the slip of the 
wheels is [uodiiet'd in tlie following way: — The outer rail of any 
giv(Mi arc of the curve is longer than the inner rail in the mtio of 

mdiu.s + gauge : radius ; 

and while the inner wheel rolls over a given arc of the inner mil, 
the outtu' wheel, if it b(3 of the jihrue dianu'Ter ^Wth the inner wheel, 
lias to slip over a ilistaiiet' equal to the diirorence of the lengths of 
tjie rails. Thus is ])r<)duce<l an additional resistance to the advance 
of the outer wheel of each pair of wheels, tt'udiug to make the front 
end of the carriage swerve outwards. The taper or coning of tho 
wheels wa.s devistal to jireveut thi.s tendency, by causing the outer 
wheel to run oji a |>ortion of its tii*e of larger diameter than that 
on which tlu; inn3r wIkjcI runs at the s;imo time. It has the dis- 
advantag(i already nn ritioned, iiowcver, of increasing the oscillation 
or sideward swinging of trains on straiglit lines. The tendency to 
sweiwe may bo corrected in cylindrical wheels by means of an addi- 
tional cant^ which throws the larger proportion of the weight on 
the inner rail. The additional c;irit required for that purpose was 
detoi;piined experimentally by Lieutenant David Ihinkine and the 
author for carriages ino\ing on a narrow gauge line at speeds of from 
3 to 12 mih's an hour, and found to be indepc.ideiit of the velocity, 
and inversely proportional to the radius of the curve; being given 
by the following formula : — 

additional cdbt in feet = 600 -h miliiis in feet;...( 5.1 

„ „ ill inches = 7,200 ~ radius in feet; (5 A.) 



CrilVK OF SINES - CURVE OF ADJUSTMENT. C^l 

but such additional cant is ju*ob;ihly mifltat**! unnecessary by the 
use of bogeys, or of axle-boxes €lid, ng in cnrvt*d guides. 

TV. Method of Easing Chaxyes Cvrvatnre. — Every Jiaiige of 
curvature should be acconiptfnied by a changt^ in tlie cant of tlie 
rails; and as changes of the can? of the rails ca# only be made by 
degrees, chang(*s of curvature sliould be giaduai also, whetlier they 
occur at the junctions of <‘iirves with str.iiglit ’ines, or ol'cuivesof 
reverse curvature, or of dillerent radii, with e; li other. • 

Two methods of setting out curves with giv «ln.il changes id* cur- 
vature fiavi‘ b(‘en )»ractiM‘d — one. iineiitcvl l>v -Mi. 'i .lt about 
or 1829, consists in the use of the nirve tf sm*'' j/tstead of 
The circle for I’ailway curve.s ; the otlu'i* invented by the late 
Dr. William Kroude, consists in adln'iing to ilu* use of the circle 
throughout the greatiT jiart of the extVnt of eai'h eur\e. but 
introducing at each end of each curve a small jiortiiui ot a curve 
approximating to the etastic nn'ce^ for the purpose ni‘ making the 
change of mu*viiiarc by degrees. 'Die ]>ro|)( r place for i-rlerring l.o 
these 'methods wandd have been Article h‘‘5, p. 101, whieli ndates to 
the ranging and seating out of curves; but although they havt^ been 
so long in use, no account of either of them was pnhlislu'd imlil after 
that part of this book was in type. Foi- d(‘tailh> respecting tluun, 
see Transaciiom of the fnsfifution o/' EmfinverH in Scotland, vol. 
iv., 18()0-(>1. 

Tli<‘ cnrv(‘ of sine.s i.s (hat Avhioh gives the most gradual variation 
of cur''’aturo; hut il.> u.se involves t’u* abamlonna nt of circular a r<*s, 
wliich are tin* most (Msily and rapitlly set out of all eurvei' lines. 
As Di. Frondt'’.s e^irvf'. fd adjust ii may l>e ealh'd) is (ja.si^ 
combined with circular arcs, the most convcnii‘nt iiukIo of ap[»lying 
it to practice will now' he dc^crilH•d. 

Suppose that a portion of a line of raihvay, ccmsisdrig of a curve, 
or of a aeries of curves, but beginning and ending with stiiiight 
lines, is to be set out in such a manner that all changes of curvature 
shall be gradual. 

(1.) Begin by ranging the centre lint* as a seri< s of eircidar arcs, 
According to Method 1. of Article di>, p. 10-, and marking it witli 
poles or temporary .stjikes. • • 

(2.) Dcteriiiine the length to h ' adopted hit* the “ curves of adjust^ 
nient'' as follow's: — Cum]>ute the cant required for eacli of tfie 
circular arcs, according to the rules of Division 1 11. of tliis article, 
and the sevcml changes of cant; observing that the cliangt! of cant 
between a straight line and a curve is simjdy the cant of tlu^ <*urve; 
that if two adjacent curves are curved in the same direction, the 
change is tlie difference of cant; and that if they aie enrveti in 
reverse directions, the cliangc is the sum of th^ two cants. 

Multiply the greatest cJuinye of cant by the reciprocal ol^ the 



652 


COMBINED fiTRUCTUUES. 


ihrnent; Ihf 


steepest gradient of adjvMment; 
inclinatimi wliicli can coiminionMy 
rail in chari^in;' llio caiiL Thcjcesii 

th(! ciirvcj^ 


>hat is, tlie greatest difference of 
given to the outer and inner 
will be the length of each of 


A(;cor(li/ig to dJ: Fronde, the gfadient of adjustment sliould not 
excocct I in •500. Then, 


Jiinglh of curve of jujjnstinent = 300 X greatest change of cant. (6.) 

(3.) Compute, f(n*V"Ach einndar arc of the series, the tthift as 
follows : — 


Sliift = (lengtli of curve of mljnstiiKmt)^ -t- 24 radius. (7.) 

Then shift the poh's i»y which a givcti circular arc is marked 
inwanls (tliat is, t(»wjir<ls the centre of curvature of the arc) 
tlirough th(‘, distan<;c coin])ut<‘d by the above formula. For ex- 
ample, iii Jig. 27b, let A JJ, 1> C, be a 2 >air of consecutive circular 



G 
C 

270 . 

n,*;cs, rnarkc'd by poh*s, and joining each otlnu’ at their point of 
contact Ib Lfit Jii, be the shifts propci' to those two ares 

res])ecli\'cly, as c<jni]Mib‘d by (^pnwtioii 7 ; altei' all the poles have been 
shlfbul, t hey will niai k I In? arcs i> F, F G, having a gap between them 
at F F, (M|ual to tlu* sum of the two shifts, if the arcs arc curved in 
revc‘rse diriH‘(iom>, or (lie dilference of the shifts, if the arcs arc 
curved in the same direction. Straight lines are not to be shifted; 
so that where a curve joins a straight line, the gap is simply the 
shift of the curve. 

(4.) S('t out the ** curve oj adjustment'' 1 H K as follows; — For 
its middle point, bisect the gap E F in H. For its ends I and K, 
lay off Fi 1 and F K, each eipial to half its length, as com])uted by 
equation 6. For intermediate points in the division I H, lay off 
ordinates at right angles from a scries of poi its in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K II, lay off ordinates at right 
angles froui' a series of })oints in the circular arc K F, proportional 
to the cubes of the distances from K. 

The following is a formula for calculating those ordinates : — 
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[jet a denoto tlio longtii 1 K o' tin* ciu‘v<* of adju.^tinoiit ; 
bj the gap E F, or sum f»f t •; shifts ; 

Xy tlie distance, measiiwid . ti the. ciirular arc, of .my point 
from I or from K, at? the ca:-o may be;, 
y, the ordinati'; tlieii • 



h .r** 


( 8 .) 


Example. — A curve of IH) eliains radius f— f. with cant 

suited to iis]M‘ed of 40 miles an hour on a i ariaw gaiiL'^* ^’ru‘, is to bo 
connected witli a straiglit line. 


Cant (sec ]). 650) = .500 f«*et ~ 1,‘l20 = *37N(S foot; 

Length of curve of adjushmud., a = iiTSS < .‘500 — L1I3*G 
feet ; • 

Sliift for circular arc (113 0)‘- — < I, .*520 = *407^ foot. 


(As the arc is to join a straight line, this i.s also Oie width of tho 
gap h.) 


Formula, for ordin.atos, y 


4 X -407 .tr* 
(1 


•050,001,1 i 


TIic ciising or humouring'* of »‘h inges of cur\atin*e is |k rli»rm(*d 
by rail-layers by tm < nc, with con id<*ral»lu accurat'V, in the‘c.is() of 
reverse curves, w here a “ bit of straight” ha.*^ Ix'cn set out t > con- 
nect the two circular ar<*s ; but im such approx im:ite process is 
pos.sible at junctions of < urvt‘s with straight lines, «»r of curves of 
unequal radii, curved in the same ilircctiMU. 

V, CoJiibuiuiion of Ciut'es and Gradients. — As curvature of tlie 
line increases the rosistamuj of ti-ains and the danger of jumping off 
the line at high speeds, it is adv isable to .a\oi»l very sliarp curves on 
steep gimlieiits, and on pai-ts of tho line wJicr«5 ihc speed is to bo 
vftiy high. 

Where shar]> curves necessarily occur in the course of a steep 
ascent, it is advisable, instcjid of adopting an nniforirf gradient, to 
make it slightly steeper on tl e straight parts of the line, and 
slightly Hatter on the curved parts, in order tliat tin; resistance of • 
an ascending train may ho as nearly as possible nniforn’ , Jfli tho 
absence of more precise data, formula 1 of Di\dsion 1. of tliis 
Article, p. 648, may be used to compute the resistance due to 
curvature for engines and carri;iges willnjut bogiys, .md formula 
2, p. 649, for tho.se with bogeys. ■ • 

VI. Additio'nal Problems in Setting out Cnrtes. 

Problem First. — To find thxj radius oj « circular wre which ^uxU 
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mccesHively tmch fhrre shrmrjht 
measiirti middle straight li 
and K 


iTlir( ’TURKS. 


f , 

mines, B 1), O E, EC, fig. 27 1 , 
Je 1| K, and the acute angles at J) 


lvadiu.‘J,= D E - ^tnif 2 


wliich Ijaving hecn loinputed, llie curve can he set out hy Method 
I. ()/ Article h-1, |>. 

BuoiiUKM Seconh. set out the curve o/ si :ies, ui harnionic 

cvrvc, ])ro|)osed l)y j\ i. elravatt. Tliis curve may be us(mI witli 
advantjig(‘ when^ thei c* is clear ground and suthcient time to ningc 
it Let B A, C A, he tlie two straight tangents to he connected 


r>- L'77. Ti-. t?7s 

hy means of tin* curve, cutting chcIi other in A. Lay out the 
straight line A D E, bisecting the angle B A and choose in it a 
point 1) for tne curve to tra\erse. Lay tdf the distances. 

‘ A 15 A O 2-7.01!);5 A I) • s.-c \ li A C; .. .(10.) 

I 'Z 

th(*n B and C will be the ends of the «*urve. Conceive the chord 
B E C lo n‘pres«*nt a si'initarcle stretched out straight, and divided 
into liS() ih gi ees, -iind lay oil' ordinates at right angles to it ])roy)or' 
tional to tlu' sines of ares marked u[»oii it: the i*nds of those 
(U‘dinat(\s will he points in the curve. The middle or longest 
ordinatt* is, 

D E = 1 *7:193 A D; (11.) 

Let X denote any abscissa B X, measui'od from one of the ends 
of the curve; the coiTesjionding ordiiiaU X Y ; then 

r, ,, . 90^" X a; , 

»/ - D E sin .(12.) 

the vj|]ue of the half-chord B K beiiig, 



CURVES OF RAILWAYS. 


655 


B E = :i7519J A D • ten ,, 13 A C (13.) 

Tlie sharpest curvature ocortrs at 1), where the.railius of curvatui*o 


1) K-Uu^ li A 0. ..i ;!4.) 


If the cant of the rails at 1) is ailaplnl to t’ is i-adins, the cant at 
any j)ther ])oint loay he detmniiiod with, s' illicit nt .u* irucy for 
practice by makiiii' it vary simply as tlie .ad nate y. I form of 
the cttrve is noail\, ilion<if1t not cvaelly, that <»f an ela.slic how 
of uniform section, l»ent by me.nis of a strini;; eonncctini; its ends. 

Pkoblkm — 7\f fomtf'cl (t rirctihtr nr nn<l n strtiifjht IhiRyOr 

two vArcular arrsj wlnrh tin not toudt nr cut tarii othrr, hi/^hwo/n-a oj' an 
efdsfic curve i\^T. Fronde’s curve of adjust nn iit). Fig. L'7h, ]>. (J52, 
maybe tak<‘n to illustrate the case where two ares eui-xasliu revei-so 
directions are. to be eoniU'Cted; fig. 279, to illusti’ate that in which 
two arcs curv(?d in the sami* direction ar«‘ to b(‘ connected* 

Find the pair of jKjints at which tin; arcs (u* lines to he connected 
are nearest to each other. This is hc.st •loni‘ )% hr^'t finding two 
jiairs r»f ])oints at which the lines to 
be connected ar(‘ at (Mpial <li'^lam-«*s 
aj>avt; the pair of points r<spiinMl 
will be midway Ins ^^ccJ, thi^'-e tvo 
pair.s of points. Ii<‘t Kami F hr flic 
})air of ))uinls thus found ; im a^un* ’’ 
the gap E F, then ealculat(* the half- 
length of the curre qt ((({jasftarntm\)y means of tlu* following for- 
mula, in which r and r «Ienoic the radii of the ai es to he eonnected : — 

|.:] = FK = (iM 


' l 


VU '11\K 


the sign + or — Ixuiig used in the denominator, according a.s the 
directions of ciirvat lU’c are revci-se »u’ simil.ir. I i' on^vof tin* Jim^s 
to be connected is .straight, 1 -r / is to be made - U ; so that the lor- 
miila becomes 

E I = K K = n/G E F -r: (JG.) 

('riio ends of tin* curve «>f adjn.stment may al.so )>e delrirmimjd 
approximately, by finding the two pairs of jioiiits at which the dis- 
tence betw'ceii Uk; liiu‘s to be connected is 4 E F.) 

'fho curve of adjustment is now to Ije set o^it ]>y or(iiuafcs,*as in 
Division of tin’s Article, p. f)o2. 

VII. Enlargement of Gange on Curves . — In order to eikible 
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trains to pass more easily Voiind • jiwes, it is the practice of some 
engineors to iiiakci th(* gunge abo jt llilf an inch wider on them than 
on fltraiglit lines; so that supposing lor oxainple, that the wheels 
have halFfJi inch of or c^fnucey^ on straight lines, they 

will have an inch ol curves, 

Vfll. Legal LhiijUaliojis to the Sharpiietfs of Curcea , — According 
to tlie Ibiilway (JJai|i«!S Consolidation Act of 184/), the power of 
diiniiiishiiig tiu*. rsHlI of curves below the length marked on the 
jiarliamentary plan <V a railway is Hins limited; — if *^ho mdius 
of any curve, as shov/n * m the ]>arlianientary plan, exceeds half a 
mile (2,010 huit), it inj*y ht‘ slioiteiied to atiy extent wliicli does not 
reduce it ladow lialt'a mile: but no radius of such a curve is to be 
fihorteiKid to less tliai half a mile, nor is any radius shown as less 
than half a mile to he shortened to any extent. See Trautwiiie, 
Field Praclite of Laying Ont Circa! ar Carves for Railways^ and 
M‘Kay, Light Rad wags. 

4oO. Ijiisiii;; oiil aiiiil Forinniioii ol' ICiiiluayM in t^ciicrnl. Suh* 

jeet to the princi|)l(‘s r(*s|»ecting gnulients and eurves which have 
be(‘n explained in Mm* preceding articles oi* lliis strlion, the general 
principles of the s(‘lcctioii of tin* course and th(‘ formation of a line 
of i-ailway ai’e tlioKe whicdi have already boon stated in Articles 413, 
414, ]»p. 0*1!) to d22, aiul tIu; other [>arts of this work referred to in 
thos(5 ai-ticles. 

The following principles are specially applicabhs to rail- 
ways : — , ' " 

I. The Rreadth of Formation or Base deianids upon tlie gauge, or 
cl,oar distance between tin) rails t)f a track, the number of tracks, 
the clear spac,t», hctwticn them, tlie clear s]>aee left outside of them 
for projections of earriagi's and for men on foot, ami the additional 
space required for the shipes of the “ balloist," the side drains, &c. 
The following are examples (sec also pp. 7^>2, : — 

Single 1iiNi<]. 

Clear .‘»pace outside of rail, 

Head of rail 

Gauge, : 

Head of rail, ?... 

Clear space outside of rail 

Least breadth of top of ballast; ^iid least) 
width admissible for archways, &c., tra-> 

versed by the railway, ) 

Spaces for slopes of ballast, and benciies ( from 
Ueyoijd th(m, on embankmeiitM, \ to 

Total bn^adth of top of embankments, 


N.iirow 

Uau^i*. 

Ft in. 

4 o 

O 2)i 

4 SJ 

O 2 ^ 

4 o' 

For gauges adopted 
iu various coun- 
tries see p. 798. 

13 'i 

17 0 ) 
C 2 0 / 
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In some countries a gauge of i about *5 feet is used. (Sec also 

p. 798.) ' I 


DojlfoLK 


(jIXK. 


Clear space outside of rail * 

Head of rail, 

Gau^e, 

Head of rail, 

Middle space (called the six n 

Head of rail, 

Gau;;e, 

Head of rail, 

Clear space outside of rail, 


Last breadih of top of ballast ; and least width 
Bible for archways, &c., traversed by the r.iilw 
Spaces for sloj)es of ballast and trenches bev( 
them on ombankinonts, 


7 ’otal breadth of top of embankments . 


Kf 

4 

o 

4 

o 

6 


la 

o 

2* 

s» 

H 

O 

2i 

H 

O 


.dmis- 1 

24. 


V r 

f from 

3 

9 

...\ t. 

8 

9 

f from 

28 

0 

■ i to 


0 


Cuttings are soiiietimcH made of a widtli at tlui fonnatioii level 
equal to that of the embankments on the sain(‘ line ; in other cases 
they have an additional width given to them, ann.Tinting 8ometime.s 
to a.s much as 9 feet, in order that there may be tin* more apace 
for the side drains. On the wholt*, the nn>sl common breadths of 
base for butli embankments and cutting- arc 

for single lines, 1<S fmit, 
for double lines, 30 feet. 

• 

Arches over tlit! rail vay ai-e seldom made of the. minimuia 
spans shown by the foregoing tables, except in the case of tunnels. 
Bridges over railway lines are usiutlly of the following spans : — 

over a single line, from 16 to J(S feet ; 
over a double line, from 28 to 30 fact; 

and the same breadths are applicable to cuttings with retaining 
walls, and rock cuttings with vertical or nearly vertidit side.s. 

II. The Formation Level is from 1.^ to 2 feet, or thereabouts, 
below the intended level of the rads, according to the depth of the 
X)ermanent way (see Article 66, p. 112), and is marked by a Mne of 
some distinctive colour on the workiL.g section. 

III. Side Slope . — The formation or base is sometimes made to 

fall from the centre towards the sides at the rate of about 1 in 60, 
to facilitate drainage. ^ ^ 

IV. Cross Drains . — Where the nature. of»the soil makes cross 
drains necessary, iliey may be i^ade by digging small trenches across 



r 


(ifiS coMiiiNED fJrRUcrruRKs. 

the base froiu 7 to 0 cleop,lind from 3 to •> yards a^iart, a.nd 

filling tlicin with )»rok<‘ii stone, f i 

V. PihsilioHs ft/ Statums relawivel^ to Gradieuts. — Although it 
may soiin,jtime.s be absolutely necessjjy to havti stations in* the 
course or'slr(*|i gnyieuts, the engfiuMU- should, as far as possible, 
fi\oid that neci'ssity^becausci of the dilliculty and iiieonveiiieucc of 
Hto|>f)iiig diiseending .rains, shirting ascending trains, and shifting 
carrijiges at stations ,*n placed. ^rh<‘ro is an advantage in having a 
sfation at a summit l\\el, b<‘eauso the ;<radi(ints facilitate the start* 
iiig and stoj)ping of ti^ ii.^ in both tlirections. 

VI. Le(j(d JAnnts\ti) Potcora of Deviation. — In lirihan, the 
ordinary limits of d viation as to tlie situation of a railway 
are 100 yards in th< ctnintry and 10 yards in towns to either 
side of th(! cenlr(‘ li^u*, as marked on the ])arliainentary plan, 
and such li;nils arcj ' niark(‘d on the plan. Wider limits, in 
sjM-cial eases, are gratitinl by special enactnuMit ii[)on sufficient 
cause luung shown; and (he limils may b(‘ r(*stricted, at the discre- 
tion of the promot(‘rs, to any <‘xt(‘nt eonsisUait with th(? execution of 
the woik. 'rh(‘ nrdiuaiy limifs of <h*viation of the hwol of a rail- 
way are /i fee,t in the c.ounlry ami 2 feet in towns above and below 
the h'vel of the r, »per Mirl;ie<‘ of (he mils, as shown on the parlia- 
mentary S(K‘lion. Further deviations of level r<;quire the sanction 
of owiKM's of jn'operty allected by them, exce])t in tbe case of 
embankments and viadmds, which may lx? lowerc'd to any extent 
consistent with leaving sullieient lieadroom Ibr loads. 

Gradients h‘ss stei‘p than 1 in 100 may )><* mad(‘ steejier to an 
extent not exceeding In teet ]>er mile; giadients of 1 in 100, or 
s£(‘eper, may bt^ mad«* st(‘eper to an extent not exceeding 3 fia*t per 
mile; gradiiMits may lx- made flaUer to any extent. 

As to curves, s(‘e \!*ticb* 431, p. (ioG. t)n all these points, sec 
tlie Railnuiijs (Haases G'lmoLldalliot Aet^ liSb). 

43(). CrOMMin^M Alf<'i'ailioti«i of oilier liiiien of Conveyniicc*.— 
T. Geiwral D.^plidiafants. — When the conr'^e of a railway crosses 
that of a. previously existing lim* of land-carriage, the railway may 
either be eaia ied over or under the (‘xisting iino hy nuians of a 
hriilge, or across it on tin' le-vel of its sindace. When the line of 
co\iv(‘yanee to lu* ci'ossed is a canal )r a river, the railway must be 
carried <‘ither over or under it. lu orthn* to facilitate such cross- 
ings, it may hi* necos.sarv to alter the level or divert the courae of 
existing lines ol' eonvi'yanee : and in some i-ises a diversion of the 
course of an existing line of couveyxnoe may he required in- 
dependently of any crossing; and for all those purposes, cuttings 
and ^inbaukincnts are ivquired, .Tlie parts of a road whose levels 
are altered lor the purpi.jjo of carrying the railway across it, are 
calli^d the approadt^s of the crossing'^ 



raimAys — CR ossi: css or roads, Jtc. 


659 


The information which imibt bo pivcn or* the section of a projioscd 
railway I'especting such altora^ionl: of existing line^ of coiumuiii- 
<‘rition Jias ahcinly boi'ii rcfc!iTe|l toiin Article 1-1, |»p. 14, io. Pro- 
posed diversions of such limy should lx* shown on the ]dim, and 
proposed alterations of width noied. Jhit, jr f«ynn‘rly sl.'ited, with 
regard to all niattei-s connected w'ith the juJiarathni of ])arlia- 
in<‘ntary y)lans, reference should be niade to tlf- standing onlors of 
[larlianu'iit themselves, and not tn any M*< ond i*ind aeeonnt of their 
provisions. 

As to w’orking seetions of alterations o'" • xisting in of conn 
mnnication, set' Article till, p. 113. 

II. Lf^tjal lAniitatioiiH njJWthnj (h'nssunfs oj 'xhfhnj Lines of Co7i- 
veifance . — In oi-der fully to uiulerstand tho." * liiuitatioua, as they 
arc logulatcd by law, in Britain, the statu es calb‘d “ 1 ltd 1 ways' 
Clauses Coi solidatioii Aets*’ must be eou'^ub tb 'riio^iollowing is 
an outline of the more iinp(irtant of the liinital ions : — 

A. Level Crossinys of public earri.ig(‘ roads are not hiv^ful uidcsa 

individually authoriz(‘d by tin* spi‘eial aet n laiing to the j>jirticular 
railway; and in order that they may he so antlioii/jMl, tlu‘ ejigineor 
must ho prepared to show ennst* for using llj(‘m in^((‘a(l of bridges, 
and to prove that tliey ar<‘ eonsislent w itii f la* piiblie safi'ty. All 
level crossings must be providixl with gat<‘s, w lneh, in ordinary, are 
to be ke[)t shut across the road. Jn the ease of cm.-^siiigs of 

public roads, tlios<‘ gate.'- an* to be capable of Ix'ing elo-ed a«*ross tlie 
raihvay when the p. ssage along th * road is opi'ii; and thi‘re must 
V)0 a lodge or box for a gatekeeper, and a ]»roper systf‘m of signals. 

B. Over lir'ulyen (as bridges for eai-iying mads o\er tin* railway 

are called) arc to lane a. clear width of roadway bi*tw'een tllh 
parap<4.s, , 

for a turu])ike n»ad, of 3.'; feei, 

for any other public carriage road, of 25 feet, 

provided the average width of the road l)etwe<*n iis fmeos through- 
out a distanci? of Td) yards on each side of tin* eentre, lini of tlio 
railway is not less tliaii do feet ^u- 1V> feet, .is the cas<* may be. 
8ho\dd the average wddth of lie* 10.0I lie less than tlu^ limit above- 
mentioned, the roadw'ay of tin* bridge may be* made of a width 
e(iual to such existing average width, proxided tliat in no ca.se sha,il 


the roadway be inadi^. of a less clear widtJi than, • 

for a turiH)ikc road, 30 leet, 

for any other ]uddic carriage road, ... 20 „ 


ftiid that, if at any fnliire jieriod the road should be videjied, the 
raihvay company shall be obliged to widen tlifj bridge to 35 ft'et or 
25 feet as the case may be. 
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For private roads the nrescriljHl lejisL width is 12 feet; but tins 
may be altered by s] »<*(•] al agreeixenli between the proiirietor of the 
road and the. pnjinoiers of the r^ilwvy. 

The parapets of all t)vcr bridges aiv^to be at least 4 feet high, and 
the fenof'f of t-lKiii* jipproaehes at Icyist 3 feet high. 

(’. (hfder ///vV/yr j (as bridges for rarrying ]'oa<ls under the railway 
are eall(Hl) are suljj, et to the same cmiditioiis as to width of road- 
way v'itli over bridg \s; and those eonditions fix the, least span of 
the ai-eli. Its heiglu^is snbjeet to tlie following eonditions: — 

J‘"or a ttmipike ^^^nad tln^ clear headroom is to be at least, 
at lln‘ spilii dug of tin? arch, 12 fe(‘t ; 
throngiiont i breadth of 12 feet in the middle 
of tli(‘ areb\ iv, lb feet. 

II • 

For any <illiei- paldlc rarriatje road tht‘ cb*ai‘ headroom is te 
b(* at lea^t, 

at the s|)ringing of tin* andi, 12 leet; 
tlnvmi^hiMit a l»readtli of 10 feet in tin* niiddh^ 
of the ar<‘hway, lo h-et. 

For a prir(,jt‘ road the clear headroom is to be at least, 
throngiiont a br<*adth of!) feet in tlio middle 
of tin* archway, I 1 feet. 


D. TIni iacrutatioa of an altereil road is not t.' be made steeper, 

fora (nrn|»ikc roail, than 1 in 30; 

foraiiN oiherpnblic ( ^ 

' . ' , ; than 1 in 20; 

carnage rond,... J ^ 

for a ]ni\ate road, than 1 in 13; 


provided that tin* nndcriakers of lln* railw ay shall not be obliged to 
malce the inelinalion of (he alteretl road easier than its original 
‘‘ mesim ” inclination, or than the origiixal “mesne” inclination of 
the road within a distainai of 230 yards from the point wliere it 
crosses the eentro line of the railway. 

(No rnh\#ir ])rescrihed for computing tin* “ mesne ” inclination of 
the roail; but the follown'ng appears to be as little f)[)eii to objection 
asf any that can 1 h* dei Ucd. Add together all tin* rises and all the 
falls Gf t he ])ovti(>n of the road in cpu*stioii, ainl divide their sum by 
its length.) 

E. The rules of the general act may be modified or set aside in 
])articiilar eases by spi-i-ial enactment, ii])on snfficic*nt cruise being 
shown; and in tin* ease of crossings of ])rivate mads, conditions 
may be si'ttlcd by agr<*cnu:nt between tlieir jiroprietora and the 
promoteis of tin* railway. 
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F. A 8iifficieut iempora/ry road n list be j. i-ovwled until the periiiii- 

nent road is complete. In mr.ny, cases it is most con vcd lent to 
divert the road, and use the|orhinal roadway as a tiiinponirv 
road. I 

G. Works ill tidal waters iinist be sanetioiM'd by the adini- 

ralty. I 

li 1. The Leai^t Dimmiswus ofUmler DntUje^ af e virtually fixed by 
the rules above-nieiitioiied. The following art, examples, in ^diich 
the arches are treated as segmeiilal, th.it bei t]\c form in 
the j)re.sent ease. TJie rise i.s given a> com ai »d 1)\ Mj t otton in 
his work On Raihroff R nyinpering ht IrdnmL 

The power to make* roadways of h >s than h* ]m*.seribeil widths 
of 35 and 25 feet in certain casi*:. is of ni» n\ lii .e' rtgai’ds under 
bridges, or llie abutmenls of o\er bridges, luv.’nse (»t‘ tlie liability to 
enlarge the bridges at a future time. ^ 


UvnlKe under llallway and over 


Span, 

Rise, 

Cluar heiidrooiii in centre, 

Radius uf intrudns, 

Thickness of areh-iing, 

Depth of cositiiif.' of puddle 

Depth of pennaneut >Nay, .sa\ , 

Total height, madway to raib, 


To allow for .idditi« tin'll ih-pth in .skew hrnlpfv,^ lln’|^ 

ahoMi hfii;li|.s ina\ he inero.i'.ed to ) 

For iron under bridtjes^ llie ahoNc heigl^ts may bel 
diiiiinhhcd to } 


p. 420 , foi' an example of the dinu-nsions of the areh. 


( Tiuni ikc 

, Puldic- 


Cttrri.'ige KouiL 

tcut. 

Feet 


25'ix> 

4 

.V 5 i 

#); 5 o 

I 5 S> 


23 00 

2 ’^f » 

2 (X> 

0 * 5,0 

o*.); 

2 *(Ai 

2 KM.> 


20* »(> 

23*00 

2 I W 

20 -(X) 

iS’OU 

rSj see 

Article 2 lM)j 


The clear he.adroom in the centre u'^nally, feet. 

To this add, for the thickness of a .stone arch, • 2'uO 

„ „ „ p’nldle coating, 0*50 

„ V „ roadway, I Xio ' 


Total, 


iy5o 


For an iron over briilge with flat girders the clear head- 


room may be reduced to about i ** ^ 

Ginlers and roadway, .say . 2 * 5 P 

Total * 17*00 
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The platform of an iMr brilge with iron girders may consist 
either of a series of traiisvei’sc bilck urclies spanning across between 
the gird(?i-s, w IikjIi should be abofct 5 ^ 00 1 apart, and bo lield together 
by traiisv'(!rso ti<s siillicicait to resist l^ie thrust of the arches, or of 
cast iron 'plates wifli sti Honing riliw ahove, covered with a layer of 
asphaltic oonorct(i, ’J*r of buckled wrought iron [»lates, coW'od with 
a ]ay(‘r of asphaltic ’'‘■.onenjlo. (See Article .‘170, [». o bi) 

In '.crosMiig roadways in an<l near ])opuh‘iis towns, where the 
ordinary dimensions yf bridges would be too small, the width of the 
roadway, ami, in tlS‘ ^'a-sc* of iimha* bridges, tin) headroom, are 
usually fixed l»y agre. ‘nient with the local authorities. 

'fin; thickness of abutments of ordinary road bridges on linos 
of railway is nsuall from i-5th to l-dth (»f the span, and the 
counterforts are altog^ tln r of -about one-tliird of tin* volume of the 
abvitments. 'fin* w‘n>/ walls are ndaining walls, as t<» /Inch, see 
Articles 2Go to !2()vS, pp. Idl to 4<)7. In ordinary cases +ln‘ir 
thicknessta.t the base. i.>» from l-4th to H-lOthsof their height, and 
alMuit one-half of that amount at tin* top, diminislniig by steps or 
sear'cernents at the l)aek of the wall; the face has a batter, of 
which I in 12 is an usual value. 

Jlridges oven* d‘*cp and wide cuttings may have thi*ee or five arches. 

IV. In seleclhnf the Lim and leoefs, the enginet*r should hav'O 
regard to the (jrossings of existing lines at' conveyance which may 
he rocjuinal, bearing in mind that the earthwork of the ajiproachcs 
to those crossings, r)wing t<» i's incoinenient situation, is more 
exponsivi' than that of tlie railway ilstdf. TTe should study to 
have as fi!W bridges al)o\e the miniimim si/e as ]>ossible; and with 
that vitnv be sboidd endea\our, as far as ])ossible, to gain the 
necessary headroom partly by means of Im* elevation or di'jircssion 
of the railway aboN(* or below the i*xisting road, and partly by 
iiieans of an alterati»ai of tin- le\el <»f that road. 

The level oeeupii*d by existing lines of coiueyancc, if tliey have 
bet'll well laid out, is usually the most favf)nrable to ceonomy of 
works ; and for that reason there is generally an advantage* in 
crossing such lines on the level, imle[H*ndently of he saving of the 
cost of lirid^'s; but the choice betwet'ii level crossings and bridges 
must be regulated mainly by consi hiring wdiethcr the traffic is such 
as to make level crossings consistent with the public siifety. In 
comparing the cost of a level ciDssiiig Avitli that of a bridge, regard 
should be had to the lu’cessity of having a gate keeper at the level 
* crossing. 

AVlien the level of an existing road is to be lowered, special care 
innsi be taken that tlie eutling for that piirjiose can be pi*operly 
drained. 

TJie line of conveyance which causes the greatest impediment to 
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the |)a.saage of i\ nulwiiy is a canal . ftu’ it hsiially occuj>ies prt‘cisely 
the most favoiiral)le level for economy of works; its level crninot in 
general he alleivdj nor can it He ei*osse<l on tlie lex el; and it can 
only he orossi‘cl 7iefri' its o\\i| level hy means of a swim' hridge, 
which is inconvenient if the tnillic is gieaf. . 

in ijiaking a hridge oxer a eanal, llie sj»;m sli/nld he suHieient lo 
cuutaia the eanal and its toxxiiig path withoit euiitiacting their 
width : and caic must he taken in loinuling i a- ahuhmmts not to 
disturb the eanal. do prevent lli<- t-.ipe;of wdii it may lie 
necessary to use eoiler tlams. (Artielo « /V/ ]). dlL' ■ I’ho clear 
headriMHn is usually fixi‘d hy agre*mieiit‘'. /n < dinary ea. i.'. it is 10 
feet above the towing pi'i h, to he sullieli , ‘ t>n j man on lior<;ehaek.* 
A |iassage under a can..! may hi- mae.. Al’i r h> tunnelling at a 
sutlieiiait deptli, oi l»y making a UMiiporaiy pi-rmam nt diversion 
of the canal, and building an aqmsliu l idge, wjjieh, if tlie 
diversion is to he temporary, vxill he on the original course of tljc* 
<‘anal, aud if pvnnamMit, on that of tin* diversion. t^inaUind river 
bridges will he furtluu* ecmsideiv'd in a later chapter. 

437. BniiR^t is that portitui of tin* I‘i:u.viam:nt vv \ v of a railway 
whieli forms a lirm and dry foundation for the rails or for tin* 
sleepers by vvliieh they arc supjiorted. It i-^ .'>omet1ifie.s di.si inguished 
into halhiRt ]>ro])er, or uuder ha/htsf^ vvliieh lii-s wholly htdow tin* 
^sleepers or othei* supports of the mils, and or 

which is packed round the slet'pers. ehaii.-, arnl raiU, np to within 
tvv(; or thriv iiielu's of the u|>per surface ol tin- rails. 

Kxamples of the hri^adth of the u]»p(‘r surface of the hall.isi have 
already lieen given in Aitiele 4.‘»o, p]>. hoi), (ioT. Its di'pth 
varies in dilVereul lines ‘iiid according to the [uactice of dilVereifl 
engineers; tli<* tollovviug may be t»ken a.s it.s onliuary limits: — 

Ki-er. Inrt. 

Lower ballast, from t; o to r 6 

Upjier ballast, or boxing, „ n 6 lo o (j 

Total depth i .3 t(» .> 3 

• 

Tn ex])loring tlio coiirr.e of •' project nl railwa,y, the (Uigim-er 
should givm sjiceial attention t<» the sources from which good hall.fst 
can be obtained. • 

The best material i.s stoue, broken as for road nu'ta), into j)ieee,s 
not exceeding G ounces in weight (see Article* 4l^(i, p. G-7); but 
the stone does not ne(*,d to be so liard as for roads ; it i'^ sutlicient if 
it be of such hardness as would make it suitable for oK.unavy Unild- 

• To admit of a horse rearing without danger to the rider, 12 feet of headroom 
Rliould be allowed. » ^ 
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ing purposes. Stone tlffit decays readily by the action of air and 
moisture onglit to b(i carefully avoided. Jn the absence or scarcity 
of suitable stoiw,*, the slag of iTon fworks, laoken to a proper size, 
may Ix^ used ; oj- alum-work refuse| wliieh is shale burnt to the 
consisbaie.y of bri|*k ; or engine <shes. N(‘xt lo broken stone and 
slag, as a, material V‘or ballast, i.s c]e;in gravel; the I umfiff exceeding 
(} oimeos in w(“ight\b('ing broken with the hammer. Clean sharp 
satnlimay be used, hut it has the disadvantages, that in heavy falls 
oi’rain it inay be washeil away, and that in very dry weather it is 
blowji into the air, a id d;noag(‘s the rolling stock by lodging about 
tlu! liearings of the \h‘s and meehanism. In the absence of all 
other mat(‘rials, ])ie<|(‘s »>f clay suitable for bricks may be burnt 
unlil tiny are. bard,iMnd t.luai broken down and used as ballast. 
As to the cpialiti(‘s fiftsueh elay, see Article 219, p. 363. 

'riu* laboyr of bri*:i\:ing and spreading a given quantity of ballast 
is aboxit twice, or 2^ times, iliat of exeavating the same quantity of 
gravel. 

43S. ar<‘ ]>i<-e<-. of m.M(»‘ri.il whieh rest bn the ballaiiit, 

as already stabsl (boing iirmly bedded on it by means of a beetle), 
and support I lie rails. At;i,n early pen-iod in the histoiy of rail- 
ways, ,s7o//tf Ofocis^wovv. us(‘d for tliat jairposi‘; they wei*o place»d at 
3 leet apart from e(‘ntn' to conti*<g ami measured, on hoi'sc- worked 
railways, about 18 inclies X 12 inelies X 9 inches, and on steam- 
worked railways, 2 feet X 2 f<‘ot X 1 foot; but they were found to 
form too hard and nnyiehling a ba.s<‘ for Iratlic at high speeds, even 
with tlu' aid of ])ieoes of felt und(*r the chairs, and their use was 
abandom'd in iiiN’Our of that of ihnhcr aleep^rs. 

* 'rii(*. b('st materials for timber sleopei-s are woods which withstand 
alternate wetiu'ss and dryness; and of ^llo.sc, the most generally 
eiiqiloyed in Kurope is Larch. (Article 302, p. 443.) Various 
substances have been used for the ])resei*vatioii of timber sleepers: 
the mo.st ellicient is “creosote.” (Article 311, p. 450, also pp. 
799 and SO:).) 

Timber sleepers are either transvoi’se or longitudinal. The former 
atlbrd a ready and ellicient means oi preserving me gauge; the 
latter give tue most equable aud continuous support to the rails. 

Trath^'erne or n’oas sft^/iprrs an^ M.sually 9 to 10 feet long, fi’om 9 
to 10 inches broad, and from to 5 inches deep. With the 
l-shfiiped section of rail restiug on chairs bolted to the sleepers, 
and which is uniformly adopted on the railway i in Britain, the 
sleepers are generally spaced about 2.J feet apart. 

When hat-bottomed rails are used of the type illustrated by 
Fig. 285, }). 667, a form in favour on American and Continental 
railways, the sleepers are placed rather closer together, so that 
there uuu be about fourteen sleepers in the length of a 10-yard 
long rail, whereas there 'would only be twelve sleepers under the 
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same length of the 1-sectioii rail. The hat- bottomed rail has the 
advantage of not requiring chairS; as it rests directly on the sleeper, 
and is spiked down to it. (Sei* also p. 805.) 

Besides timber sleepers, m^uy diflereiit forms of iron and steel 
sleepers h§ve been tried, princi})ally on railways abroad, w'here, 
from various causes, the timber sleeper is liabl/ to decay. 

Longitiidlmd slceiyei'n or an* ns\ially 1 om Jli to 14 inches 

broad, and from 6 to 7 inches deep, ladng niadcj by sawing a square 
balk of timber in tw«». The rails may eilhi'v h:i\c a omtinnons 
bearing on them, or may be supported by c'.ia,js at inii j vals of .30 
inches or 3 feet. - WIi(‘n the bearing is con inuoiis it is usual to 
bolt or screw a plank of 7 or S inches widt' a|i(l 1 ; inch tliick, or 
thereabouts, on the top of the .^Ii^cikt, and n|)< n iliis plank tin; base 
f>f the mil rests. In order to pnstwxc^ lb* gauge, the ])air of 
longitudinal bearers of a tmek of rails must !• ? ccmnect^'d by means 
of cross-ties at inler\als of alxmt 5 or (> yards. Special care should 
he taken that the; ballast under the bean;rs is not impervious to 
water, lest they should conliue water in ihe middle of the track. 

Longitudinal and cross sleepers arc soni(‘tiirn\s cornhincHl, the 
cross sleepers being laid iindci*niO'<t. hi tin’s case t]j<‘ scantlings of 
the cross sleepers arc made less than when cros!^ iilfx'pm-s are used 
alone, being nsuallv about 7 fi et X 7 iuches X 3.* indu's. 

ilaatt iron sleejfers ai*e usi'd of various fnrms. Tn .Mr, rrr«av(‘M’s 
form the chair and slcc[)er arc east in on(‘ pic(‘(‘, the hast; beiiig 
like an inverted bowl, jn‘ar flic Miannit of whicl) an* two hoh's, so 
that ballast can be jiiit into the hollow .iml raiinnci] iVorn abovi;. 
The gauge is jjicsci'vcd tiy traiisxersc lods. In Air. SaTnucl’s form 
the rail is wedged w ith pieces of wood into a sort of cast iroft 
trough with tlat .spreading wing.«.» Another foi-iu is simply a flat 
oblong plate, with chair.s cast mi its up]W'r side; and a fourth is an 
oblong trough wedged full of pieces of wood, on which the chairs 
rest. (See Clai-k On UnUway M arhinerij.) 

439. IfaiiM nnti C'fauiiH. — Iji tlic eat'iiiir days of the • ail way 
system rails formed of east iron were u.scid, but, wiih incivased 
experience, wrought iron was subsutuled. as being mru'c reliable 
due to its toughness than a cry.slalline suhstanCi^ like cast 
iron. 

The rail lengths could also be obtained in greater length, thus 
iieci'ssitating few'er connections. • 

This wrought iron had to be carefully prepansi, various kinds 
of bar iron being taken, piled together, re-h(;ate<l, and roJh;d. 
This process had to be repeated .several times to ensure toughncs.s, 
and special care was given to the part which wouki ultiinately 
be the top or running side of the rail when*fit>ished. I’liis was 
attained by the introduction of charcoal iron, the objeclj, being 
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to have a surfhee upon V/hich tlie wheels would roll with freedom 
and be at the same time durable. 

This elaooratti method is illustrated by tiof. 2S0, wliich is an 
example of how Ihe pile of bars was^inach* uj> in <u-(ler to he rolled 
i n I o a,iail. The introduction of steel, made by either 
tin*. senior or Siemens processes (see Appendix, p. 
li 71).']), S(i»on enabled manufacturers to turn out steel 

rails with much more rapidity than in the case of the 
wroiu^ht-iron rail, and now, as in other iiiiit mces, 
steel-iimllh- rails Iiav<j completely 8 iif»ers(ided those 
Ima?. 2S0. made frim wrought iron. The form of steel rail in 
favour in tins country has still the. I-shaped figure 
in section which obviiuod with its wroiight-iron predecessor (see 
p f»07), and its weight per yard, and c‘ven the lengths ilienisolves, 
vary with re.(piiiV*m(‘ii‘s of the traflic of the various railway 
syst(‘ms. 'rims \ve, ha\e wtughts of 80 , 1 ) 0 , 96, and even 100 lbs. 
jK;r v.'ird^of rail, ;uid lengths varying from llO to GO feet. 

'rii(‘ sectional area of a rail, in scptar(‘ inehes, is almost exactly 
one-tenth of th(‘ weight of one yard of its hmgth in ihs. 

On hoi-se-worI«Ml railways, tlui weight of the rails piu* yard ranges 
from Ihs. to y*! Ihs., tlm forimu* \V(;igIit h(‘ing harely sutlicieTit for 
durahilif-y. On the earlier of the high spoinl locomotive lines, a 
weigli.t of about GO Ihs. to the yanl wa.s adopted; hut the continual 
inci’<*ase of the vve-iglil and speisl of engim‘S lias remh'red necessary 
a continual increase in th(‘ weight of rails; so that it now ranges 
from 70 to 100 Ihs. jier yanl, or (luTc'ahoiiU. 

As a general rule, it may he stated thai- the vieitjlit of a yard of 
hiily if sufynyrtM at lofrrnt/s, ahonhl be Ihs. for each ton of the 
greatest load on one drlrimj trhrrl^ When 'the hearing is continuous, 
about tive-sixtlis of that weight is snUicit'ut. 

Tlie bc((d or to]» of a l ail is usually about 2 1 inches broad, and 
lias a very slight convoxify in the middle, tlu- radius of which is 
from 0 to 7 inehes. in laying tlio mils they an* carefully adjusted 
to the true gauge hy means of a gaugc-i’od wit^' shoulders on it at 
the pro[)er dislanec apart. On straiglit liiu*s the heads of the two 
rails sliouM l)o exaetly at the same level, and in curves thc^ should 
he set to tlu' prnp»‘r “cant,” a.s i Iready explained'in Article 434, 
p. 649. If cyliiidrieal wheels are used for the rolling stock, the 
highest part of the head of eacli rail sleniJd be a tangent to a level 
line, or a line inclined at th(! ])ro]>er cant, as the ease may be; but 
if the wheels are tapmed, the rails must be inclined inwards 
towards each other so as to he tangents at their highest points to 
the (Conical kioads of the wlieels. This inward inclination is given, 
when <’ hairs are usotl, by easting the chairs so that their jaws may 
holi) 1 * 0 . rail in the proper position. * 
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The figures adopted for the cross-sectl jns of rails vary with the 
modes in which they are supported. A rail may be eitiier 

(1.) Siipjx)rted on the base Ind stjiycd at the sid(*s, or 
(3.) Supported on a broa(^base alone, or . - 

(3.) Hung by the shoulders; j 

and the bearings may be either 

(A) at intervals (generally about 3 fe(*l); or rontinuoiA. 

In figs. 383, 283, and 284, the crosi^-s'jCtion rail is of 

the l-shaped figure. When this rail was ii«st introduced, it was 
intended that on tiui toj) becoming to«i much worii for further use, 
the i*ail should turned upside down; hut i|i general, hy the time 


/\ 



Fig. 28.1. t'ig, 281. Fig. 2.^5. Fig. 286. 


the top is w'orn out, the rail is unfit for furtlier'u.‘-e. At present 
the bulbheaded form is more generally used in tin's country tiian 
any other. The weight of rails of this form i.s from 85 to 90 lbs. 
per yard, and their deptli between 5 and (i inches. In Sg. 281 the 
rail A is shown as sujiported by a common cast-iron chaii Bj 3, 
which is pinned by two compressed oak treenails I) IJ. to cross 
sleeper E. The rail rests by its base or foot on tlio bottom #f the 
chair, and is kept steady by being firmly held between the inner 
jaw of the chair and a compressed oak wedge or key, 0, which is 
driven between the rail and the outer jaw. (See p. 794.) 

The inner faces of the jaws or cheeks of the chair Are chiHed. 
(See Article 352, p. 499.) An ordinary chair w’eighs about as 
much as one foot of the rail which it is intended to support; a joint- 
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chair y for support inj' the* ends of two adjoinin'^ rails, is from one- 
third to oiio-lmlf lioaviijr, and its outer end is usually fastened 
dowm hy two ])iiis instead of one. | Fig. 2^>2 represents a sort of 
joint-cliJiv-j introduced hy ]\1r. Williaiii jolinstoiie, which has been 
ioiind to answer wll; it is slid (fn Yo the rails, which its jaws fit 
exae(l3\ \ 

Jl. has nf)W, howcH'^er, become very genc^ndly the practice to con- 
ned /.djoinijig rails l)y \W Jlsh-joiitt; the ends of the rails being 
suj)port(‘d by a ])air of ordinary chairs, wdiich they o/erhang by 12 
«»r 1/) inches, and beiijg nnit(‘d to each otluT by a pair oi jish-pieces, 
about 18 or 20 inclics long, bolted together through the rails by 
four bolts. Fig. 28dj shows in cross-section the iignre of which the 
lish-pieces are inad(! i i order that tiny may abut at tlu'ir up])er and 
low'tM* edg(*s ag.'iinst ihe head and foot of each rail, and thus bo 
wetiged int(t' tln‘ir ])llic(‘s. The bolt-holes in the rails are made 
slightly oblong horizontally, to alh)wr for changes of length by heat 
and (Mild, '‘which may annmnt, in ordinary cas(‘s, to about l-2t)()()th 
or l-2o(KHh of lln‘ length of each rail (p. />27). 

Fig. 281 is th(‘ hrach t JiJi-jitint, in wdiich the fish-])ieccs are of 
angle iron, and answ'< r tlie purpo.si* of a joint chair; their hori- 
zontal bases b(Mb.g^ bolt(‘<] dow n to a pair of cross sleepers. 

Among rails which ai'o suppjirted on a broad l>a,<ie loithoid chairs 
may k* nnadioned the m//, /ig. 28o, which is fastened down by 
means of fang-bolts to longitudinal or cross slet‘pt;rs; the bridge rail 
(fig. 220, ]). f‘l8), and tin* Harh.in rail (fig. 200, p. 518). 

Bridge rads ar(? nanh* from d to 5 inches deep, ami from 7 to 6 
inches in bi-eadth of base, and ar(* boitc*.! to the sleepers, either 
through slightly c»blong holes, or by fang-bolts holding down the 
edg«*s of the ba'-e. AVln ii snppprfed on a continuous bearing, they 
weigh ahonl do lbs. pi r yard ; when siijiported at inteiwals on cross 
sh‘epei's, 82 lbs. per yard. In tin* la1t(*r case each joint is secured 
hy holdit]g tin* bas(*s of tin* twa» rails betwei*n a ]>air of east iron 
jaw'.s, drawn togethei* hy traiKsvi*rs(* bolts wdiich pass under the. 
rails. ('I’ll is system was introduced by Sir Joliu jNlacncill, and is 
usoil on Irish hues). 

The Jljii fow rail is now* made with a portion of each wdng flat 
end horizontal, so that it appr viches somew hat nearer to the 
bridge* shape than fig. 2o0 shows. It is about a foot broad, 5 
or G inchi's de»‘]) over all, and weighs from DO to 100 lbs. per yard. 

It rests directly on the balia.si, Avithout sleen(*rs or cliairs, and the 
gauge is preserved by un*aiis of cross-ties of angle iron. The joint 
is in fact a sort of tish-joint, the ends of the rails being connected 
together by being bolted througli oblong holes to a saddle-piece, 

3 f<*et long, which fs a bar m anew hat resembling the rails in cross- 
sectien, and made exactb to fit tlic 1/o11oav at the under side of the mil. 
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The system of supporting rails hy the shouhlers of tli*' enlarged 
head, which is the most favoiirahle of all to .steadiness, was practised 
more than twenty years ago, '^ith the shallow T-shuj)ed rails then 
used for horse-worked railway’s, hy Mr. T>a\id Jlankine. The ilat- 
bottoined ty|)e of rail, shown i?l lig IL’tSO, is iis^-d in jXmerica and 
on the CVmtinent of En?’ 0 })e ; they weigh aooiit t>5 lbs. to the 
yard, and are sjjikcd down to the sleejiers. 

Fig. 286 reprt‘MMits Mr. A<l;nns\s suspetuhnl (firder rail, iiiAvhieli 
the vertical woh, not Jiaving tosiislain CMinpn‘.s>i<ni, n nit‘ thinner 
and de(*per than in ordinary rails, so licit, on rxampli , \ i.iil of 7o 
lbs. to the yard is 7 inches deep. 1'he rail A has a eoiitiniions beai’ing 
at the sliouhlcrs up<»n a jiair of angle iron HMckrls. IJ, l'», wlio.^e 
lower edges press against the h»ot of tlu‘ mil, so that tln‘V arb 
wedged into the liolhjw sides <»f the rail by bolls, (\ aljout o ieet 
apart, jiassing through oblong lioh‘.s. 1) is . eross ii<*bai*, to ]n*e- 
S(‘r\'e the gauge. Tlit‘ total breadlli aeioss the wings ol' the 
bi-ack<*ts ranges from 6 to 14 irndies, aei-ording <o tin* weij^ht of the 
tratlie; and those wings rest direetly on tln^ ballast. 'Fhe rails 
and the brackets ai e laid so as to bri‘ak joint. Another mode of 
constructing this sort of perinamait w.iy is to subshtute ])ieee.s 
of creosotod timber, about o indies .sijiiar(‘, loi* the angle-iron 
brackets.* 

440. Unil«t for Ijorrl of KoikN. — AV^ hi’il (he covering of 

a road is of brokiai stone, the ordinary ]K‘rmanent way of th(‘ rail- 
w'ay may be kii<i aeross it, with tbe ]n*a.<K of tin- rads j'\sing about ^ 
of an inch above (ho road mol.d. Switcln's. jxiini'-, juid crossings 
of rails should not oecnr on a h \rl eros^ing of a mail, nor shouh^ 
any rails on sudi a crossing apjn-oadi m*ai*er to eaeli »)ilier than 
about 6 inches, lest horses .should •be injured f>r ilisableil by tlieir 
feet being wedged between rail.s, or the eaiilkei-s of theii- slioe.s, 
n.sed in frosty weather, getting jammed in the opi nings of point.H, 
switches, and rail crossings. 

Crossings of jiaved roads also in.iy he made with tlie enlinary 
rails, groove.s for the flanges of tlie wIkm'I.s ])i‘ing cut in tlie jia'ang- 
stones alongside of the rails. 

Rails of a .special form are sometimes ns(;d for loviilVJossings of 
roads. They are usually H-formed, the njijier side presenting a 
groove about 2| inches broad and ^ iiieli dee]), betwetm two 
lianges, the outer of which, being tlic head of the rail on which the 
wheel runs, mu.st be 2.J inches broad; while the inner flange may 
be of the same bnnidth or of a less breadth, according as the rail is 
to be reveisible or not. ^ 

441, Junclfoim and Connectlonpi of WAnem of Railit — TrnvcrNrrn — 
Turntables. — I. The junction of two lines of rails is effecteil either 
by means of a pair of those tapering move ».ble rails called swltcIteSf 

* See Addeuduin, p. 794, 
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connected togetlier and ^Vorked by tlio s^iine handle, or by means of 
a switch at th<i side from which a carriage leaving the main lino 
tui-ns, an<l a fixed jmrd at the ot|^r side. Tlic former arrange- 
ment is e/nisi<](*red tlie safer where tlte speed of the traffic is great. 

On a narrow gaijge line, the ordfnsS-y distance between the tip of 
tli(‘ and tln^ where the tw'o tracks finally become 

cl<*ai' ol’ (>;u'h <»ther, i.s about 80 feet, so that if one of the tracks is 
stj-aiijlit the oth<;r has a curvature of about C40 feet radius. 

Switeh(‘s are made self-acting by a weight which piilL them into 
tliat position which suits tlie main stream of traffic, so that they 
lerpiiro to be held by force in the contrary position. The handl(‘S 
by whirl) switeh(‘s are worked are so sluiped and painted that theii 
position can 1)C‘ ilistinctly seen fi’om a considerable distance. 

It was fornirvly tlie ])r}ietice to notch the sides of the fixed rails 
so as to r(M < 4 ive tlic tic>s of the switches; but this lias been rendered 
uniMMT.ssary by the introibicthm of an improved foi‘m of switch.* 

As far'as ])oS‘<ibh‘, switelu's on the main tracks of a line of rail- 
way should ])oint in the* or I iiiary direction of the ] facing- 

pohtts.wfi, those Avhieh point in the cviutrary direction are called, 
shoidd only b<* use<l in oas<;s of iiee(\ssity, and then with prccantiona 
suHieient to ol)\vate tlie risk of a train being accidentally turned on 
to a wrong line. 

II. A coinuidion between two parallel lines of rails is usually 
made, where there is room enough, by means of an oblique line of 
rails with s\vil<‘bes at each end. On the narrow gauge', the length 
of such a eoimc‘ctioii is about 180 feet. 

TIJ. A irarcrae.r alVords the most com/enient mode of vsbifting 
esirriages betwe-en parallel lines of rails at a terminal station, where 
there is not room enough for ai.\ onlimivy connection. It is a plat- 
form supporting a line of rails, long enough for a carriage to stand 
ujion, and supporteal ou heels whieh roll ou a transverse line of 
rails at a lower I 'vel. 

I \'. Turnt(dth‘ii s('rve to connect lines tif rails which cross each 
other at right angles, or which radiate f om a central point. A 
turutjible consists essiaitially of the following parts: — A foundation 
of mawmry or concrete, a circular cast iron base, having a pivot in 
the ci'iiti t^, and a race or trfick fo ^ rolh'rs round the circumference; 
a set of conical rollers, can ied in a frame which turns about the 
])ivot; a deck or pljitfonn, .sujqKuted on the pivot at its centre and 
on the rollers ai- its circumference, carrying one or more lines 
of rails, and |>rovi(Ied with one or more catches to fix it in dif- 
ferent jiositioiis. Tlie greater the pro])ortion of the weight borne 
by the pivot, and the b‘ss that lK)rne by the rollers, the less is the 
friction. 


* First intrr iiiced by M^rs. Ransome and Slay. 



TURNTlfeitlS — STATIOA’S — PIPE-CULVERTS — MILE-POSTS, AC. C71 

A turntable which floats in a cylinfliical water-tjink was in- 
vented by Mr. Adams. 

Carriage turiiti\bles arc usually 12 or 14 feet in diameter, and 
cany two lines of rails at ri^it^aiigl<fs to eael» other. 

A tumt ible for an engine and tender is ^0 fi‘et in diameter, or 
tljoivabonts; it usually carries but oia* liiu* oi’ rails, and is turned 
round by the aid of wheehvork. i;>ueh turntables aie ro(iuired at 
stations, to reverse the <‘ngiiies, indepeinhaitly of the conncAion of 
lines of rails. Turntables for engine sheds are oe* iMoually made 
witli two paiallt‘1 lines of rails. 

For details as to the construction of these and other railway 
fittings, see Mr. D. K. Clark’s work On Hailway Mm'hinery. 

442. Ninilona. — The best positions for stations, in a ]iiire]y 
engineering ])oint of vie\\, and tin; manm r in whieh they allect 
questions of curves and giadieiiis, have aheady beeif dismssed in 
Article 435, ]>. G58. It ina^' here la; added lliat the engineer 
should specially attend to the means of draining tlie statums, 
of supplying tliem with good water, and of getting access to llicm 
by roadways, for the arrival ainl (h'partine of ]»assengers and 
goods. Passenger platforms are from 2 to 3 feej. abr)Ve tin; le\el of 
the rails, and arc best made of stiiuig tligs rt'.^ting on longitudinal 
walls; at tJieir ends, they shoidd descend gradually to the level of 
the rails by rcvmps or slopes of about 1 in 10, rallier than b,f flights 
of steps. They should be, according to Mr. Claik, at least 20 fe(;t 
l:)road when ii.scd at one side, 3(/ or 40 when used at botli sides; 
but tiny are olleii made of much smaller laeaihlis. 'flic roof 
should, if possible, be in one span over the* whole ‘-tation; if intej;- 
mediatc pillars are use 1, they slnndd be jfl.ned in the middle 
of broad platform.s, and not hear liin's of rails if it can be 
avoided; they should in;ver, on any atjeount, lu* nearer a line of mils 
than 4 feet. Care should be taken that •shed.'* Jiave proper means 
of ventilation. The extent and arraiigeinent of ihe station and its 
fittings, as aflected by questions of the amount of tiaflie and the 
best means of accoiimiodaiing it, are foreign to the subjiet of the 
present work. For examples of staiiojis, see ^Ir. C^];^j k's article 
“On Railways” in the Kitcyc. Brit 

442 A. Pipe-CuIvcriH — ill ile-Potilii — CSriidiriit-PonitM — T«;lrjy(ruph. — 
The construction of culverts lai'ge enough to be accessible f*^’ i)ar- 
]>oses of repair, in order to carry ga:-iapes and \vatc r-])ij)es under a 
railway, is enjoined by law in Jlritain ; as is also the erection of 
numbered mile-posts at every quarter of a mile. Oradient-posts, at 
cliaiiges of gradient, having boards to show the directicj i and i^te of 
inelination, arc useful to the engine driver.^. , WJiere trains run at 
very short intervals, a line of eh;ctric te^egrapli may be considered 
as almost essential to the safe w^orking oi the railway. (Sec p. 7^6.) 
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OP TiVe COLLECTIOX, conveyance, and DISTKinUTfON OF WATER. 


Section f. — Theory nj the Flow of Wafct , or of II ydraidics. 

44 .‘i. i*r«‘HMurc of Witter — If mil. — TJie laws of tlic prossiiro of a 
mass of waltir, wlicii ai r(‘st, against any surface which it touclicjs, 
hav(5 aln‘a(ly hoou (‘xjilaiiUHl in Article* 107 , p. 164 . 

In all qiK^fctioiis »»t‘ <'j\Mliaiilics, it is cimvrnicnt to express the 
inU'Hsity of ila* juvssun* of water in feet of water ; that is, in terms 
of the int( 4 isity of tie* pressuni of a column of watia- one foot high 
u])(»n its l)as(‘. as an unit. A pressure* so ox])r(*ss(Ml is sometimes 
call(‘(l a haad of yrrsHore. In ]*. 161 two values of that unit, for 
pun* wat(‘j’ at the teiiip<‘i-atures of oO'-l and 62 ^ respectively, have 
Ijce.n compai’cd wilh other units; i)i tluj following table a com- 
jiarison of the s;ime sort is given in greater detail, the heavi- 
ness assigned to pure waltu* being (> 2*4 lbs. per cubic foot, which 
is almost ])erf(‘otly exact at a temp(*raiur(j of about Fahren- 

heit, and n(*ar emuigh to the truth lor ])i‘actical purposes at 
other tem[K‘raturt‘s, and is also a convenient \aliio for ealoii- 
li^tioii ' — 


CoMPAiusoN op Heads oe Wati 
Vahiois 


\i IN h>:ET, wiTir Pressures in 

I ' M TS. 


One foot of water Sit Fahr. -=: 62*4 llis. on the square foot. 

„ ,, 0'4.3.>.^ f'R the square inch. 

„ „ 0-0290 atmosphere. 

„ ^ „ 0-8823 inch of mercury at 32"^. 

^ ^ f feet of air at 32°, and 

” ” 1/ » I one atmosjdiere. 

One IK on tin* square foot, 0-016026 foot of water. 

One ib. on the sipiare inch, 2-308 fei-t of water. 

One atmosj>here of 29-922 inches ) 

of mercury, j ^ •' 

One inch of Miercury at 32'^ *‘1334 >» « 

One foot of air at 3.?', and one ) 

atmosphere, p f 0001 -94 „ ,, 

Oue»-foot of average sea v. ater, .... i*o2() foot of pure water. 
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Tlie TOTAL HEAD of it giveii jxirticle ol 'water is found by adding 
together tlie following quantities: — 

The hmd of pressure, or, intensity of the pressure exerted by 
the particle, expressed iitifeet of water. 

Tli(» head of elevation, or aetiial height of the j>article above 
some fixed or “ datum" le^(‘l. 

In stating the pressure or head i>f a j>artiele ol w.iu r if i/usual 
not to include! the atmospheric pressure, so tliat tlie 'uts or true 
pressure exceeds tin* pressure as slated in lh<! eustoinary way by 
one atiiiosphere. Wht‘n the absolute pre^snri‘ is exactly one atiiio- 
B])here, the pressure as stated in tin! enstoniaiy way is nolhimj ; 
wJien the absolntt! falls short <»f the atna>s])heric ]>ressure by so 
many lbs. on tlu‘ square inch, or so many feet of water, the 
customary mode of stating that fact is to say thiTt then! arc 
so ninny lbs. on the square incli, or so many fe(‘t, of vv/c// /////. 

The atniospIi(*ric [uvssure, at the hnel of the si ‘a, varies from 
about 32 to 3o feet of water, and diminishes at the rati; nearly of 
1-lOOth part of itself for each 2(>2 feet of eliivation above that 
level. • . 

444. Volume aiiifl ]Vlcnn Velocity of Floiv. — The rohtme if Jlou) 

or of a stream of water is e\pn‘ssed in uniis of volume 

j>or unit of time. 

The most convenient unit id* vohnni* is ihe cuhie find ; but in 
calculathms relating lo the wafer snj>|»ly ol' towns it is cnstoinary 
to nsii till! (jallon. 

The following is the ridalion between tlioM* units: — • 

One gallon = OdfiOl cubic fooif (being lO 11 )s. of water) ; a, nil 

One cubic foot = C*23o.'5 gallons; 

but in ordinary calculations respeeling water-uorl's it is siiflicicntly 
accurate to make one gallon = 01 (> cubic foot, and one cubic foot 
= gallons. 

Of dififerent units of time, tin* second is tin* most ronvcnimit in 
mechanical calculations; the minuLe is the custonfli>y unit in 
stating the discharge of strean.^^; t)i(‘ hour, the dap, and longiT 
periods are used in calculations as to drainage^ and water supply. 

Th(! variety of units of disdiarfje is thus very great. 'tihlc 

foot per second is the moat couvouient in medianical calculations. 

The mean vdocitp of a stream at a given eioss-.section is found by 
dividing the discharge, or volume of Ihnv, by the area of the cross- 
sectiou, and is Jiiost convxTiicutJy expro.ssed in feet per second.* 

445. Greaieiti niid Liensi Vciociiicf*. — Inasmuch as every stream 
of fluid that flows in a channel is rctart ed by friction agai’cst^the 
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material of the chainiol, lac velocity of the fluid particles is dif- 
ferent at diflerriit points of the same cross-scclion, being greatest 
in the centre jnid leuvst at tlie bor^^er. In open channels, like 
those of r'yers, the ratio of the meai; velocity to the greatest or 
centrid \eIocity is given approximately by the following formula of 
lV(»iiy ; — 

n “an vtdoeity greatest velocity + 7‘71 feet per second . 

greatest velocity gieatest veh»city -|- 10*:i8feetpersecoiid‘ ' 

The least velocity, or tleit oi‘ the jKirticIes in contact with the 
bed, is about as mucli less tliaii the ni(‘an velocity as the greatest 
v(‘locity is greater than the iiu‘an. In ordinary cases, the least, 
nu‘;ni,and gi*eatest vtOocit if‘S maybe taken as bearing to each other 
nearly the p]v>]M»rtions if .‘i, 4, and 5. In very slow currents they 
ar(* nearly as 2, 11, and 1. (See ]>. 792.) 

440. Cnriiemi or Miomiy vio%v. — The motioii of a 

mass of fluid, as distinguished from unsteady motion, means that 
kiiul of motion in wliicli tin* ^elocity and tlirection of motion of a 
particle depend on its position, alone*, and nf)t jointly on position 
find time; so Hint each jiarlicle of the “cries of pailieles wliieli 
successively come to a given point, assurnc's a cci’iain velocity and 
directs, n of motion ])ro]u'r to that ]K)int. It is, in short, the 
motion of a permonoit rorrehtj as distinguislnal from that of a 
varying curi’ent, or that of a. \\i\ :v. 

In order to aeijnin* M-locity from a state of rest, or an increase of 
velocity, a fluid particle must pass from a piace of gmUar total head 
fo a place of Uss iotol head. This it may do either by actual 
descent from a higher to a ]o\Nei level, or by passing from a placo 
of more intense )»re,ssnrt‘ to a jdaec of less inte-nse pressure, or by 
both tliosi^ ehangi‘s coinbim’d. 4die Joss of head thus incurred is 
connected with tin* M*loei(v j)rodueed hy the following laws: — 

I. in a liipiid without irietioii the lo.ss of h<*ad in producing a 
given increase of v<*hn ity is eipial U» the lieigh of vertical fall which 
would ])rodue<’ tin same increase of vtdoeily in al)ody falling freely; 
in other wi.vds, the loss of head is equal to the height due to the 
aceeleraiion ; and if the ]>artiele starts I’rom a state of rest, that height 
is called i\\o htajht due. to the velocity, and is given l>y the follow- 
ing fohnula, wliore t'. is the vcdocity in fee^ j»er second : — 


height ill feet = -a- 64*4. . 


.( 1 .) 


11; If the motion of the liquid is impeded hy friction, there is an 
ailditioual loss of heaVl, bearing to the height due to the velocity of 


flow^ 


ii yertain propoi lion,' depending on the figure and dimeusioDB 
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of the channel and openings tnivei-sed by the stream, and otlier 
ciroumataiKM'.s. 

The combination of those two pnnciples may be thus expressed : 
Let A denote the losit of hmd, jn'feot ; tJien 


A r= (1 + F) 




.( 1 ) 


in which F is a factor, determined by experiimMit, expressinj tlie 
proportion which the loss of Imad by fi ietion bears ti> iL ' lieight 
due to the velocity. 

The inverse formula, for finding <ho velocity from tlio loss of 
bead, is as follows 

The velocity computed from a given heigh i, on trie •supposition 
tliat there is no fi ietion, by the formula v — 8-02o Jh, is sometimes 
called the “ theoretical velocity.** 

In an open channel thci loss of h(*ad h consists wliolly in dimi- 
nution of the “lieacl of elevation,” and is the achiaJ fall of th(‘ upper 
suilace of the stroiim. In a close ]>ipo it may cryisist w’holJy or 
partly of diminution of the ‘Hiead of pressiinj,** and is then called 
virixtjal fall. To express this in symbols, ^ 

Let denote tin? elevation above* a fixed ilatnm, and 

the head of pressure at a }>oint in the reservoir from 
which a pijie is supplied, the \eloeity at that point 
being insensible, so that ^ 

Zi + is the total head iti still water; also h‘t 
z denote the elevation above*the datum, and 
pf the licad of pressure at a given ]>oint in the pipe, at which 
the loss of head, as comjmtt^d by eipiatiou 2, is h; then 


the total head at this point is, 

z-\- p = z^+ Pi — h; (4.) 

and the pressure, in feet of water, is * ^ 

/? = + Yh — « — If' (•>■) 


The pressure of flowing wa.t(‘r, as thus diminislied by I(*s of 
he^d, is called hydraulic pressure, to distinguish it from the 
pressure of still water, called hpdroslalic i)rcssare. 

In an open channel, equation 5 is simplified by the fact that for 
the upper surface of the stream, and all surfaces parallel to it, *4 is 
6im]>ly = — « ; so that p = yq, if the tv^o ^loints are at equal 

depths below the surface. 
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Tf tlie wator Iims a i i'‘nsiblo velocity of How at th^ starting 
•pointy the loss of Ik'jkI required is diininished to tlie extent of the 
height due to velocity of approc^chy as it is call<‘d. Thus, let Vq 
be tile vyloeity <»f M,i)j)roach; then, instead of equation 2, wc must 
use tli(i Ibljowin^ f 


A = (1 + F) 


()14 




• (f>) 


and if ?»Q bears a knoion ratio tf) v, let that ratio be Vq -4- v = r; then 


the above equation bocfaiitis, 

4 = (l + ( 7 .) 

whicli gives, Ibr the inversti formula, 

r — .S 02 o\/ - (8.) 

• • V I -I- F — ^ ’ 


AVhf'u a stream ilows witli an uniform spent down an uniform 
channel, and tw o cioss-si'cl ions of tliat channel art* compared together, 
tlie veloeilie.s and ?) art? ('qnal, and r = 1 ; in this case, tlie v:hole 
loss of head In'tween <h(‘ two cross-scctions is (‘Xptmdcd in overcoming 
friction; and eq udioiis 7 anti 8 aic rethiced to tin* following: — 


h= Fi ;2 ^ (J4.4. (().) 

V = 8‘()2») >/A - 7 - F. 


I’he following table givt‘s cxaiiqilcs t)f ht‘ights in feet due to 
velocities in feet per scctmd, us computed by equation 1 , It is 
^xact for hilitmle and near enough to exactness for practical 

pur])oscs in all hitiliuh s. The most ctmvrnient table, however, for 
calculating either heights fitun teloeities ta- velocities from heights 
is an ordinary table tU s^piares and square roots: — 


V 

h 

V 

h 

r 

h 

V 

h 

V 

It 

1 

•01553 

*7 ' 

44S7O 

32*2 

It) ItX) 

48 

.55776 

7t* 

89-688 

2 

•Qf'iJ 1 1 

jS 


33 

l()*910 

49 

.-;-283 

7S 

94*472 

3 

•*3975 

*9 

5 

34 

17*050 

50 

38*820 

80 

99*379 

4 

•24S45 

20 

1)*21I2 

35 

19022 

52 

41-087 

82 

104*41 

5 

•3SS20. 

21 

6*8 47s 

30 

20* 124 

54 

45-280 

84 

109*56 

6 

•-55901 

22 

7'5»55 

37 

2-257 


48-095 

86 

1 14*84 

T 

•71)087 

23 

8 2143 

3ii 

22*422 


52 ’- 2.55 

8S 

120*25 

8 

•^93 79 

24 

8 0441 

39 

23-618 

60 

55-‘)Ot 

90 

125*78 

9 

r^57« 

25 

9 70 SO 

40 

24-855 

62 

59*088 

92 

13**43 

10 

15528 

20 

10*497 

4* 

26*102 

64 

63*602 

94 

137*20 

11 

1-8789 

27 

11-320 

42 

27*39* 

64-4 64*400 

96 

14310 

12 

2*2360 

2S 

12*174 

43 

28*71 r 

66 

67*640 

98 

*49'*3 

13 

j 6242 ' 

29 

*3059 

44 

30*062 

68 

71S00 

100 

155-28 

14 

^• 04‘?5 

3 f> 

* 3;975 

45 

3**444 

70 

76*087 



*5 

4-4058 

3 * 

14*922 

4 (» 

32 i )57 

72 

80*496 



1 6 

3 ‘.> 7 S 2 

32 

15*901 1 

47 

34301 

74 

85*029 






( 

(Sec 

p. 804 .) 
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447. Friction of Wnicr. — The following are the values of the 
factor of friction F in the formulae of Article 44(5, as ascevtained by 
exi>criment, for the cases of most common occu nonce in practice. 

I. Friction of an orifice in (\t\in plate — 

F^=Vo.H (].) 

II. Friction of mouthpieo-s or entranres from reservoirs into pipes, 
— Straiglit cylindrical mouthpiece, pcipcndicular to side of fesiT- 
voir — 

F = OvOo (1) 

Tlic same mouthpiece making the angle ^ witli a [lorpeiidicular to 
the side of tlie roservuir — 


F = OOOc) + 0-30:i sin s 1- O siu2 (;}.) 

For a mouth j)iece of tlie form of the contraeU'd vein,” that is, 
one somewhat bell-slia])ed, and so proj>ortioned Unit if-c^ be its 
diameter on leaving the reservoir, tlien at a distiiuce d 2 Ironi 
the side of the reservoir it contracts to the diameter •7^*o4 d , — the 
resistance is insensible, and F nearly = 0. 

HI. Friction at sudden eidargenienis. — Ltd A 1*1^ the sectional 
area of a chaniK*!, discharging Q cubic fet^t of water ])f‘r seiunid, in 
which a sluice, or slide valve, or souu* such ri]»j(‘et, prodi^i’es a 
sudden contraction to the smaller arsa //, followetl by a siiddim 
enlargement to the an‘a Ao. l^et v = Q -i- be tin; velocity 
in the second enlarged [lart of tne ch.inm*!. The rfiriice area oC 
the orifice a w'ill be c a, c being a co-efiicient of root ruction of the 
stream flowing through it, wliose value may Ik* taken at *018 

1 — 'CIS ^ Let tlif' ratio in wdiieh the eflccti\ e area of the 
channel is suddenly enlarged be d(*notiMl by 


r = A2-hca: ^2 018 — (4 ) 

Then f v is the velocity in the most contracted paid. ^ l^t appears 
that all the energy duo to the difi'crence of the velocities, r v and w, 
is expended in fluid friction, and consecpicntly that theie is a lo.s3 
of head given by the formula — • 


80 that in this case 

F = (»• - 1)2 (6f) 

» 

rV. Friction in j)ipes and conduits . — Lf ‘ A be the sectional area 
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of a channel ; h its hord^^ that is, the length of that part of its 
girth whicli is in contact with the water; I the length of the chan- 
nel, so that I h is the frictional surface; and for brevity’s sake lei 
A then, for the frictiJ!i, between the water and the 

sidiis uf the channel — / ^ 



fK 


( 7 .) 


f 

in which the co-ellicient /has the following values: — 

For iron i.ipes (Darcy), /= O OOS 

For open conduits (VV'cisbacli), /= 0‘0074 H (9.) 


The quart thy m = 'A -v- h is called the hydraidic mean depth'' of 
channel, and Inr cylindrioal and square pi])cs rinining full is 
ob\iously one-Jtnirlh ot the diameter; and the same is its value for 
a simiieylindrical open eomluit, and for an open conduit whose 
sides are Unigents to a semicircle of a diani(‘ter equal to twice the 
greatest dcfdli ptMhe ••onduit. 

In an ojaaj conduit, the loss <d‘ head. 



in 



( 10 .) 


takes place as an actual iaJJ in the surface of the water, producing 
a declivity at tlie rate • 



./ . . 
y/i 2 q ' 


(II.) 


and hy the last tAvo formula* are to he determined the fall and the 
rate of declixity of open eliannels Mdiich are to convey agh^en flow. 
In ch^sc pip(‘s, the loss oi' head takes jdace in the totiil head; and 
the ratio i = h ^ I is called tlie virlml dedc Hy, 

V. For bends in (drcular pijjcs, let d he tin* diameter of the pipe, 
( the radias'of curvature of its centre line at the bend, B the angle 
tihrohgh A\hieh it is bent, w two. right angles; then, according to 
Professor WeisbacK, 


P = !{om + l-8.17(-;^y} (12.) 

VI. For heads in reef aiujidar pipes. 

F:^;;jo-124 + 3104(//[ (13.) 
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VIL For hnmi sliarp turns iu pij)ef, let 6 be the angle made 
by the two portions of the pipe at tlie knee \ then 

F = 0-94G aiF f, + 2-O.G siii« ^ (1 1.) 


VIII. Slumnary of Josts^^s of hetuL — When i^e\'i‘nil siicct.<iive 
causes of resistance occur in tlie coiirs<j of (uie stream, tlie losses of 
head arising liorn tlioin are to bo added together; and tliis pitocess 
may be extended to cases in which tlie veloeity vai‘ic*s in hffereiit 
IMiris of the channel, in the following man ler: — 

Let the final velocity at the cross section, where the loss of h(\*ul 
is required, be denote(l by v; 

Let the ratios borne to that velocity by the vj'locitii's in other 
parts of the channel be known ; r bt‘ing the “velocity of approach’* 
(Article 446, p. 676), tlie vekwity in tlu^ first division of the 
channel, v iu the second, and so on; and h t be the sum of 
all the factors of reaistanc(3 for the first division, Fg second, 

and so on; then the loss of h(*atl will be — 


h + F,r? + Fo7^+ci:e.); 

an expression which may lie abbiHiviatod into the following : [■ (I o.) 
h. 


448. Coiilraciloii of Mirenm from Orifice — Co-eflieieiiiM of Dlit* 
chnrjce. — The fact of th.i eniitractiiUi of a jet or stream that flows 
from an orifice has already been referred to. It is caused by 
ccnvergmice of the particles towi^rds thcj orifice bid’ore they ]ia.s3 
through it, which convergence continues for a time after tlie par- 
ticles pass the orifice. The result is, that the ejffectivG area of the 
orifice, or area of the “ cmitracted veinf which is to bfj us»m1 in com- 
puting the discharge, is less than tlie total area in a proportion 
which is called the co-eficieid of contractioh. 

Sometimes it is impossible to distinguish between the eff^t of 
friction in diminishing the velocity (expressed by •l%f- + F), 
and that of contraction in diminishing tlie area of the stream. *n 
such cases the ratio in which the actual discharge is less than Che 
product of the ‘'theoretical velocity” (Article 416, p. 675) a®d the 
total area of the orifice, is called the co-ej/lcieiii of efflux or of dis- 
charge. 

The quantities given in the following statements and tables are 
some of them real co-efficienta of contraction, and some co-effieicius 
of discharge. In hydraulic formulae, such co-\jflicients are usually 
denoted by the symbol c. 
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III slmrii-edj'od orifice.^ tlic friction is almost inappreciable (see 
Article 447, ( I.); ill those with flat or roiimlod borders its 

eflV*cts bcfoiin) H'lisilile, and in tubes or other channels of such 
leni.th as to all tlie iiarticjfest alon^ thi'ir sifles there is no 

eonl raid’ion, and friction operates aloile in diminisliin;^ the discharge. 

In nil the ahariMidijtul orijkeft lure mciitionod tlie edge is sup- 
to he formed at the inner or up-stream side of the plate by 
clinii^lering or bevelling the outer side. Were the inner sale of the 
]il;i(«‘ eliamfer(‘d, it would guide the strenm, and alter the contraci ion 
to an uncertain amount.. 

I. S harp-Gfltj fid cirv alar or ijireii in Jl( it plates \ c - *G 18 . ...( 1 .) 

If. Sharp-edtjvfl redauffalar orijiais in vertical flat platen. — Jn 
this case, tin* cii-rllicimit depends partly on tlu! ])roportions of the 
dimensions (if (he oi ifiee to each otlna*, and jiartly on the proportion 
borne by tlie lireinlth^of tlui orifiee to tlui chanje or luiad. The co- 
ellieient is inl.einh il (.o be used in tliei following formula for the 
diseliarge in enlm; feet per seeoi.d, A being lh(‘ area, of the orifice 
in s«piare i«‘el. ; ami A (he head, measured frmn tluj centre of the 
oriliiMi to th(‘ Urd nf dlH nuiti r, 

i) JJi ifl) 

The eo I'llieii ids are gi\en on lln* authority of exjieriinonts of 
l\)ne(,'h;t and Li'.sbros on orifices about 8 inches wide. They have 
riot been reduced to a gmieral formula. 


C^)-l':KFl(a^:^Ts of DiseuAiuiF foii Iiectamoular Ojuficks. 
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llii; 

.III (i| OlllUT 

.i. nuMdth. 



Drc.iiltli. 

1 

«'5 

0-25 

015 

01 

0-05 







■709 

O’lO 



... 


•ld)0 

•6(j8 

0*15 



... 

•( 1^8 

•n()0 

•601 

O'JO 


... 

•t'I 2 

•(>40 

•i >;9 

■(>85 

(VJ 5 



•017 

’C\\o 

•‘»59 

■682 

0*^0 


•mOO 

•(>22 

•640 

•(•-8 

•67S 

()-.^o 


•()CK^ 

’C2O 

*039 

•t‘.S 7 

•671 

O'ljo 

... 

•(>05 

•62S 

*6^8 

•S -5 

•667 

o* 6 o 

'*572 

•i»09 

•630 

•637 

•^>54 

*664 

o*)S 

• 5 -S 

'hi 1 

•63-- 

•635 

•^»53 

•660 

1*00 

*502 

•hj:i 

*634 


•650 

•655 

I£0 

•598 

•616 

•632 

•632 

•^'>45 

•650 

2-00 

•(kx) 

•617 

. ’631 

•631 

•642 

•647 

2*50 

•(')02 

•017 

•631 

•630 

■640 

"^43 

3*50 

•604 

•616 

•629 

•629 

•637 

’638 

4-00 

•605 

•61S 

•627 

•627 

•632 

•627 

fvcio 

‘ -604 

•613 

•623 

•623 

•625 

•621 

Roo' 

•602 

•61 1 

•619 

•619 

•618 

•6i6 

10-00 

■601 

•607 

•613 

•6:3 

•612 

•613 

I*; -on 

•Coi 

•603’ 

•606 

•607 

•608 

•609 
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The co-efficiciits in the jirceeding table iiieliide :i corrootion for 
tlie error occitoioiied by measuring the head from tlie caUre of the 
orifice instead of from the jioiut where the uK'aii velocity occurs, 
which is somewhat above tla^ centre. Tliat coneetion is in- 
appreciable when the head cx^-ih^Js 8 times tlu' height of the orifice. 

III. Ska rp~ej] fjed rGcUinguhiT notches (iSY (‘xttmding up to 

the suilace) hi jlat vertical weir boards . — 'J'h(‘ ana of the oi’ilico is 
measured u]> to the feiel of dill water in the jxmd beliind the weir. 

Let h = breadth of the notch; 

B = total breadth of tin* weir; then 


f = -07 + 


h 

H) ir 


(. 1 ) 


provided h is not h‘ss than B 1. 

IV. Sharp-edtjed triampdar or \ -.dm notches in flat vertical 

vmr boards [horn exj)(‘rimentsby lV4>ie.sS(‘r James 'fhonlVon.) — Area 
measured u]) to the levad (»f still wabu*. , 

Breadth of notch = dejith X 2 ; c — Alt); ) 

Breadth of notch depth X 1 ; c (Ijn j 

V. Partialhj- contracted sharp edijed orifice. (I'l lat is to sa>^ an 
orifice towards ]>art of the edge 4»1‘ \\hi« li lh<5 v.iti j- is guidexi in a 
direct coursi*, owing to tin* bord<r of tla* ehaniu*! oi ap]»ro.u‘lPpiirtJy 
coinciding witli the edgi* of tlie tuiliee). 

Lot c be the ordinary co-ollioh nt; 

71, the fraction of the* e<liio iiftho <a'i(lce wliii'h eoineide.s with 
the border of the ehanm-l ; • 

c, the modified oo-eHicieiit;,thon 

c' = c + -Oi) // (o.) 


VI. Flat or v'ound-topped weir, area measure*! u]» the level ot 
etill wat(ir — 


c = 'o nea : ]y 

VII. Sluice in a rectarupdar channel — ^ ^ 

vertical ; c = 0 7 ; 

Inclined backwards to the hinizon at fiO®; c = 0*74; 
,, ,, „ at 4i> ; c = t) 


(r,) 



VIII. hicomplete contraction; see Articles 477, Division III., 
p. 677. 

449. DiBChnrsr from Veriicnl Orifice*, IVo|clic«, nn«l filuice** — 

When the height of an orifice in the vertical side of a reservoir 
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does not exceed aljoiit ope-lialf or one-third of its depth below the 
suriacc, the head measured from the centre of the orifice to the 
level of still water may be used, without sensible error, to compute 
the mean veloeiiy of a flow, and thje discharge; so that the formula 
for tlie (Jiseliargt; is S 

Q = 8 025 c A (1.) 

A Ix'iii;; the total area of tlic orifice, and c the jn'oper co-efficient of 
contMction. 

When the height of the orifice exceeds about one-halt of 
tlie head of water, and es])ecially when the orifice is a notch 
exUmding to tin? surface, it is not sufficiently accurate tq measure 
the head simjdy from the level of still water to the centre of 
tlie orifice; but the area of the orifice is to be conceived as divided 
into a number of horizontal bands, the area of each such band 
innltiplie.d by the vid 'city due to its depth below the surface of still 
watm*, tlu^ jM’odmds summed or integrated, and the sum or integral 
multiplied by a suitaiile co-i'dieieut of contraction. 

'fo express tin's in symbols, let b 1)0 the breadth, d h the height 
of one of the liorizoidal bands, so that b d h is its area; h, the 
d('j»tli of its cv'iitn' Ik'Iow the h*vel of the surface of still water in 
the resei’voir; the d(‘pth of the upjx'r edge of the orifice, and h. 
that of its lower edge, below the same level; c, the co-(5ificient of 
conti'actiou ; Q, the discharge in cubic feet per second; then 

Q=:S0'25ej\^h-dh. (2.) 

For co-efficients of contraction, see Article 41 8, 

The following are the mo^t ini])orf-;int -uses 
1. R&dmigidar orifice; b = constant. 

Q = 8025 c X ^ 6 — v) = 5-35 c h {h^ — (3.) 

It is seldom lu-oessary to use this formula in practice; for the co- 
efHoients in the table by I’onctdot and Lesbros (see p. 680) compre- 
hend, as has been stated, the t'orrection for the error arising from 
using the head at the ctmire of the orifice simply, as in equation 1. 

' II. Rectangidar nolch^ with a slill i)(md; b = constant, Aq = 0 ; 
measured from the Iowxt edge of the notch to the level of still 
water. 

Q = 802.5 cx26/..5 = 5.35c6A,^^ 

=i (3 05 + -535 b Ai* 


.( 4 .) 
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The last expression is foimrled on the formula for the ro-effioiont 
Cf cjivcn in Article 448, Division III., p. 681, B being uie whole 
breadth of the weir. 




Table of 

ViiLU*:s 

OF C 

AMi 

* 3 .*) <** 

b 


0-9 0*8 





B’ 

I‘0 

07 

0-6 

0*5 

0-4 0-3 0‘25 

c , 

•67 

•66 *65 

•64 


•6j 

•61 -60 • SOS 

5-35 c, 

3 r .8 

3\')3 348 

3*42 

3*37 

3*32 

326 ■; 1 3-18 


The cube of the square root of the heod^ is easily cf)nipu ted as 
follows, by th<* aid of an ordinary table of .squares and enhes: look 
in the colunin of .squares for the nearc.‘<t wjuarti t(» ; thou op- 

posite, in the column of cube.s, will b(‘ an npyn-oxiinate value 

of 7/.'^. • 

III. Rectangular notch, vnth current api>roarhrn<j vV. — When 

fitill water cannot bo fouiul, to ineasiiro tin; liead /q up to, let Vq 
denote the velocity of the current at the j)oiiit uj) to which the head 
is measured, or velocity of a}q)roach: compute the height due to that 
velocity as follows : — ^ ^ 

7/0 = - 4-61 * 1 ; 

then the How Is the dillereiuM* between that from a .stil4 pond 
due to the height 7q + 7 / 0 , and that diuj (o the height I/q; so that it 
is given by the formula 

Q = 0:5.Tc&-l(/'i + /'«)*-/Vf (•>) 

When 7 ’ 0 *cannot be, directly mea.sured, it ean be compute.d a)* 
proxiinately by taking an a]>proxiinato value of (,) iVom cuyuatioji 4, 
and dividing by the sectional area of the tjhannel at the ])laco up to 
which the head is inea.suv(Ml from the lower edife of the notch. 

IV. Triayigular or Y-shaped notch, with a still , h^ ?neasur(*d 
fiom the apex of the triangle to the h*vel of still waf/M*. 

Let a d<;notc the ratio cT the h(dfbreatllh tli<i notch at any 
given h'vel to the lieiglit abo^o the apex, .■'O that, tor example, at 
the hivel of still watea*, the whole breadth of tin; notch is - a ky 

Q = c X a 7//- =: 4*28 c a 7ij-’; ^( 6 .) 

and adopting the values of c alrea<ly gisen in Arikh- 118, p. 681, 


we have, 

for = 1 ; Q == 2*54 7/,' ; (6.A.) 

{or a = 2; Q = oT 7 qa (G n.) 
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In the nl)sonce of sutficiently extensive taWes of squares and 
fifth powers, tlio host inctliod of coinjjuting t.li(3 fifth power of the 
square root of f.Iio liead is by the aid of loguritlinis. 

V. JJratriinl orifices are tliose are below tlie level of the 

W!it(*r sjuico into which tliC A#.it(*r flows as well as in that 

from wliiuli it flows. In such cases the dilferencc of the levels of 
slill w.ilcr in tliose two spaces is the hi ad to be used in computing 
the flow. 

VI. DrowncA rectamjular notch . — Let and be the lieights 
<»f the still water above the lower edge of the notch at the iq.- 
sl.reani and down-stream sid(‘s of the miteli-board respectively ; the 
following formula gives the flow in cubic feet per second : — 

(J = o -in c h (a. + J (A, — A.,.) (7.) 

• “* 

VI T. For nxirs irifh hrond Jhtt crests, drowned or undrowned, 
th(! formuhe are the saim* as for reelangular notches, except that 
the co-enicient c is about •»'), as lias bivn stated. 

VI If. Compufatioih oj' the dimensions of orifices. — Tin; whole of 
lh(i prc'cediiig fortmdai (with the exception of equations 5 and 7) 
can easily he used in an inverse form, in order to find the dimen- 
.sions of orifices tliat are required to discliarge given volumes of 
water per .s(‘cond. 

Fo]* exam[)le, if equation 1 is apjilicable, we have for the area of 
the orifice, ' 


A - Q - 1 - 8-02.> c J/'f 



If ecpiatioii 3 is apiilieable, the hreadtli of the orifidfe 
follow’s : — 

IS given as 

b — y - 7 - 5 *35 c (/q^ — //y*) 

(»•) 

If equation 4 is aj)j»lieahle, the defith of the bottom of the notch 
lielow still water is giviu by the equation, 

A, - ^JQ ^ 0-35 eb}l-, 

(10.) 

if equation C is apiilicablo, ' 


/q = {ii 4*28 c 

(11) 


IX. Sluices . — The opening of a sluice generally acts as a rect- 
angular orifice, drowned or umlrowncMl as the case may be; tho 
value of c be'ing as given in Article 41:8, p. G8L 

450. C'ouipulafioii the Di«(;hnr|[c and Dinmcfeni of Pipes* — The 
loss of head by a stream 5 >f the velocity v in traveling the length- 
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^ of a pipe of the uniform diameter d given by the following 
formula, deduced from etjuations 8 and 10 of Article -1:4:7, by laittiiig 
d -r 4 ibr the h^Mlraulic mean dejith m : — 

\ 


h= 




1/^. - 
d i)4-4 


= ( 1 -I ^ . ...(1.) 

\ ^ \'2d(\wt}J a (;i-4 ' ^ 


From this equation are dodueed tin* solutions of tlie foHj)wing 
problems : — • 

I. To conijmfe ili& tllin'httnje of a ijlrfm ji'ntp-: the *.0 \ ladiig 4, 
and d^ all in font. 

For a rough aj»j)]*oNimali(>n, it is u^ual to ji'-snnn* an av<*rage 
value for 4 .-.ly, 0 02o8. TJiis gi\os for the a])|>ro.\imate vt‘locity, 

in feet per aecond, 


V 



hd 
OJo.S / 



/ ,••• 


(^■) 


or a iman j^yopoi'tUmal bvJicem the duunrfer and the Iona af heat! in 
2,500 feet of length; and for the discharge, in cubic feet j)er 
secondi 

m m 

Q = -7854 « in = Sfy/ 'i ■ •••‘=>rly (2 a.) 

When greater accuracy is recpiirc*!, make 

(' + 13, /(,.«, )■ 

and find the* velocity in j’eet per s^-cond by the formula 

» = 8-025 0-) 

and the discharge, in cubic feet per s<vond, by tlie formula 

Q = -7854i><f‘' = G-5'Y/ 

II. To find (in feel) the dia?nefe9^ il of a pipe, so that it sJadl 
deliver Q cubic feet of water per second, with a loss of head at ffie rate 
of feet in each length of \ feet. 

Supposing the value of 4f known, 
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Lilt 4 f dopolU-ls on tlic diameter sought. Tliorofbre assume, 
in the first pluco, an approximate value fur 4/ ; say, 4/' = •0258. 
Then compute a first approximaticii to the diameter by the fol- 
lowing formula : — ^ 

rf' = 0-23 ' (6-) 


bVoiii tlio approximate diaiiicter, by means of ecpi.tLion 3 of this 
Article, calculate a s(‘cond approximation, 4 to the value of 4/. 
If this agrees with the* value first assumed, d' is the true diamci/'T; 
if not, a corrected diameter is to be found by the following 
formula : — 


d^d 



= il • 



(7.) 


In the preceding fonnulic the ]»ipe is supposed to be free from 
all curves and bends so sharp as tt> produce appreciable resistance. 
Should such obstructions oecur in its course, they may be allowed for 
in the following manin'r: — Having first computed the diametiir of 
tln‘ pipe as for a .straight course, calculate tin* additional loss of 
head dm’ to curv(‘s liy the propc’i* formula (Article 147, p. 078); let 
A" denote that additional l(>ss of lu’ad; tlieii make a further cor- 
rectioli of tho diaineUa* of tin* pi[u\ ]»y incn’asing it in the ratio of 


1 + ' : 1. 

»> n, 


.( 6 .) 


I>y a similar process an allowance may lx* made for tho lo.ss of 
iiead on lirst i*iit(?ring the ]>ipe from the i .‘servoir, viz. : — 

(1 + V) 'tr -f- (i 1-4; F" being the factor of friction of the mouthpiece. 

To the diaim-ter of a [U|m*, as computed by tho formula?, an 
addition is cominonly made in ]>ractic(, in order to allow for 
accidental ohsl ructions, for tho incrustation of the interior of the 
pipe, ttc. According Ui some authorities about one-sixth is to bo 
added to the diamel(*r of the j)ipe for this jmrpose ; but (*x])erienco 
sei'ies to snow that in general the im-rustation, if any is of equal 
tl ickness in pipi‘s of all diaiiuters exposed for equal times to tlio 
action td' the same, water; and ihert'fore that, in a given system of 
wat<‘r-pipes, an equal ab.so^ute allowance sliould bo made for 
possible incrustation in pipes of all diameters. In ordinary ca.ses it 
apjiears that about one inch is sutlicicnt for that purjiose. bSee p. 803.) 

451. DUchiii^r niitl IliiiirnHioiiM of Chaiiiifl^. TllC rate of 
declivity reipi.red for the surface of the current in an uniform 
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coiifhiit or rivor-cliann(‘l is foiiini by cli . idiiig the loss of head h 
(wliich is all actual fall) b}" llio length / of tho chaniK*!, and is 
i^xpressod by the following equation, dedueod from equation 11 of 
Article 4 17, p. 078: — { 


//- /* 7’*’ 

I ni Ol'l 



^ V / 01*1 


(1.) 


m b«‘ing the ‘‘h\dra\dio mean d<‘pfh.” 'fhi'i ••qiial''> i ci.aljes the 
following problems to be .st)]\(‘d: — 

J. To compute the itisrhon/e of a (firm s/iru/u, tlu‘ daia being 
m, and the sectional area A. 'fhe lirsl step is to liml the velocity, 
which might, be doin' b^^ nn'ans nfa <pi.Hlr.it ic i^ipiatiou; but it is 
less laborious to lind it by Miee«‘ssi\e app*‘o\im:il ions. Kor that 
purpose a.s.suino an approximate value for tlie co-i illibait of friction, 
such as • 

'007r>(m; 

then the first approximation to tin; \elo<*ity is 




8*02/> 


/ '^/ar 
V ■()()7f>th'5 


i2 i m 


Ji //i; (2.) 


or, a 'mean proportional hetuxen the /u/ilraullc 'itifua depth aad the 
fall in Sfii'JiJcet Ajird apjtroxiniatum to the disvhorfie is 


Q' - A 

These fir-st ajiproximat ions .are in m;iny eases sutlhm nl ly acciiiJile. 
To obtain second a])j»ro\iiiiation‘<, conqmte a corrected value of 7" 
according to the exi»ressi(jn in brackets in eijuaiion 1 ; sliould it 
agree in*arly or exactly wdtli /*, the tirst assume<l ^;^lu<•, it is un- 
necessary to proceed further: shouhl it not so agr<»‘, cmrict tins 
values of the velocity and di.scdi.arge by mnltipJ} ing each ut tln-m by 
the factor, 

^ ' . • ^ .M 

2 -oisrs 


IT. To determine the dimensions of an tmiforni cha nae! ^•n'ihich 
eJutH dischorye Q cubic feet of imter ^,cv second, with the dvcHvitij i. 
— To .solve this pi’oblein, it i.s neci'ssiry, in the fir.>t [)lae<‘, to 
assume a figure for tin? intended channel, so th.at tin* prttportions of 
all its dimensions to each other, and to the hydraulic mcaiidej»t]i 
may be fixed. This w ill fix also the projiortioii A of the 

sectional area to the square of Jie hydraulic nieai. deptli, which will 
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be known although thaje areas arc still \niknown; let it he 
denotcil by n. 

[The ioJ lowing arc oxann)lea ot‘ the values of n for difforeut 
figur(‘s of ci ^jss-scction : — \ 

f<ir .1 scniieij'c lc, 71 - G'28.*12; 

for a half-s(|uarc, 7t --- 8; 

foi- i half-li(iX!igoii, 71 4 \/3 G*028; 

for section (proposed by Mr. Neville) bounded below and at tlie 
sid<'s by threr stn.ight lines, all tangents to one semuo’cle 
which has its (!entj-e at the water level, the bottom bebig 
horizontal, and th<5 sith's sl(»]»ing at any angle d (see lig. 288); 

n — i ^eosee d + tan 






K a* 


FifT. 


In eneli of llu' four Ggnres na^itioiied above, m is one-half of the 
greatest di*[ilh. | 

(^)ni])nle a Jirsf ajfpi'oodmatiou to the required hydraulic mean 
depth as follows : — 

»• 


also a Gist approximation to tla‘ velocity, 

V - 

n in - 


.(5.) 

.(C.) 


fi’om these data, by means of (iquation 1 of this article, compute an 
app 7 'o^imafe If this agrees exactly or very nearly with 

thfc given declivity, i, the first ai)proxiination to the hydraulic mean 
depth is suGieient; if not, a coiTccted hydmiUic mean depth is to bo 
found by the following foi-mehi : — 





+ 



(7.) 


irrom the hydraulvic nn^an depth, all the dimensions of the chan- 
nel are to bo deduced, according to 'he Ggure assumeil for it. 
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452. RIrralloii Froiliicrd bjr a lf>ir. — WIicil a woir or dam is 
rr»‘ct<d across a river, tlio followiiij^ forimihe serve to raloulato 
tlie Iieiglit Ap ill feet, at wliicli tJu' ^v:lto^ in the pond, eloso beliind 
(he weir, will stand above its en'st; Q beiii^^ the discharge in cubic 
feet per second, and b the bread*, h of the veil* ‘n feet: — 

1. ^Vcir 'iiot drownedy with a flat or .slightly I’ouuded crest — 




nearly ^ I.) 


ir. n drnvmrd. — L(‘t //^ be the heigh I oi‘ tin* wai* r in front of 
the* Weir above, its crest. 


/V rsi a jfjinu'l mutiint ; h 


Second approxininJ ion : h'\ = — 



Closer appro X-i Illations may be obtained l)y n‘pi*atin!^ tlic la.st 
calculation. 

l-o'J. Bfickwnter is the effect j>r(><hiee<l by lh(‘ el(‘vation ot the 
W'ater-level in the pond close behiml the w(*ir, iy>oi| the siirfae(‘ of 
the stieam at [daces still farther up its ehaniiel. 

For a ohanned of uniform brea«lth and d* eli\ity, the following is 
an ajijiroximate iiK'thod of ileterinining (he ligure which ,t given 
elexation of the xx'ater elo.se behind a, weir will cause tin* surface of 
the* stream fariher up to assume. 

Let i dmiote the rat<* of inclination of the bitflom of (he .stream, 
w'hieh is also the rale of inclination of its surfa<*e lieforc bcin^ 
altered by the xveir. 

Let be tin* natural de|>th of the stream, before the eniction of 
the w'cir. 

Let Sj bo the depth as al(.ered, elosi* behiml I In? weir. 

Let ^2 other de[jth in tin* altiaed jwirt (.f the stream. 

It i.s required to find a*, (ho distance, from the weir in .< din‘ctinn 
up the stream at wdiich the altered depth So xvill be found. 

Denote the ratio in xvhich the depth is alteriMl at aiyr^poiat by 

3 So r; 


and let ^ denote the following function of that ratio : — 


^ “ 1 = I ^ } 

1 . 2 r + 1 

+ , arc. tan. 

j-i 




I ^ 
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A convenient approxiiujite foriniila for coini)uting 0 is as follows 


^ m-ar1y = 

i 


.(lA.) 


CompuU* till* values, 0 ^ anil 0^7 fimetion, coiTOSpoiidiiig to 

the ratios 


Then ; 


ri - ^1 -f. jiial 7*2 ^2 

7 (I- - ^‘*0 


The following tahlc gives some 


r 

0 

I *0 

CC' 

1*1 ... . 

. ... *680 

1*2. 

4 «o 

1-3 



I -.1 . 



* 7 » 

1 '(} 

“OO 

-218 

17 . . .. 

. .. *189 


values of 0 : — 


7 * 

0 

1-8 


i '9 

-147 

20 

.... -132 


-107 

^••1 

-089 

2-6 


2-8 


3 *^ 




Tile liist term in the right -hand side of the formula 2 is ilie dis- 
tance iKiek fiom the w<‘ir at. wfiich thi*. deptli would be found if 
tin* surfaei* of the. water wen* level. The second term is the 
additional distaneii arising from the declivity of that surface 
towards the weir. Tlie ennstaut 2 t )4 is ar apjiroximation to 2 -f- / 
y being the co-etlieieut of friction. For a natnnxl declivity of 1 in 
204 the second term vanishes. For a steeper di'clivity it becomes 
negative, indie.itiiig that the snilMee of the water rises towards the 
weir; but although that rise really take.s ])lacc in such casc.s, the 
agreement of its true amount witli that r^ivon by the formula, is 
somewhat nneei lain, inasmueh as the formula involves assumptions 
■whieh an* |e,ss exact for steep than for moderate natural declivities. 
It is liest, therefore, in easi's of natural declivities ste(‘per than 1 
in 201, to conijiiite tin* extent of uackwatcr siiujily from the fii'st 
term of the formula. 

‘lo 4 . Mirt'niii of t'lirqiini $9rctiouM. — The preceding rule for deter- 
mining till* figure and extent of backwater is the .solution of a 
jiarticular case of thi* following general ])roblem ; — Given the form of 
the bed of a Jrenni, the discharge Q, and (he icatcr-level at one cross- 
section; to find the form assumed hg the surface of the wader vn an 
up-stream direction from that cross-section. 
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In tins caso tlio loss of Iicad botAvoon any two oross-scuMions is the 
Mini <»f that t‘XjK-udt'(l iu oNwoniiii*' Irirtion, and of 'i»at duo to 
chaui^o of v< locity, \vli<*n tho Aolocily iiicroasos, or iho dillonMioo of 
tlioso two (juantitios wlioii tho vclooity diiniiiishos, wljieli ditl'oronco 
may hi' jjositivo or nogativ^*, ami may roj>r« M‘nl oithor a loss^or a 
gain of J t‘ad. In |>aits of tin* sinain whiai* (Im* diflrioiKM* is 
nogativo, tlj(^ surfaor .s1o|m's tho reverse ^^ay. In lig. lot O Z be 
tho v<*rtioal jdarn; <»f the eross- 
soction at whioii tia* water- 
l(‘Vol is giNon; lot horiz(»ntal 
al)S(•issa^ sm li as () X bo, 
moasiirod fujaiihst \\\v dir«‘etion 
of Ilow, and \erlieal or<liiiates 
to (lie Mirtaee of tin* str»‘aiii, 
sneli as X 11 ii]» wards from 
a horizontal datum jdaiie. < ‘on- 
sidor any indoliiiitely sliort 
portion of the stn'am whose 
longth is d a;, hydraulic mean 
dopth m, ami arei of seetiun A. Tlie fall in that portion of tlie 
fitroum is d and the aoca'leralion d o, ^ee'j»iise ol v lu'ing 
op])osite to .r. Then, 



(/ : -- 


V (f V /'(/ .r r' 

,a ’i;ir 




In nj)])lying this diHerontial expiation to f he solid ion oi'any paitl- 
cular problom, fbr r is to be pul (J - A, ami ji>r A and m ai(; (o l»e 
put thoir vabuvs in terms of x ami ,r. 'I'lins is obtaim d a dif- 
erontial ('qualion b(‘two n x ami ami the eonstani quantity, <!), 
which equation, biung integraierl^ gi\ es Die relation liotueen :/j and 
c, the i'i>-ordinat(*s of the surface of the stream. 

The Time of ]{ni|iiriii;y; « Kr**fi'toir is deq*rinined by con- 
ceiving it to be divided into thin hori/onfal ’layi-rs al diden-nt 
heights above the outlet, tinding the velocity <d* dis.-liai -^e (br eaeh 
layer, and thence the time of diseharge, and suimnini; or integrating 
tho results. , 

Let a be tho area of any gi\on layer, d h its do]»lli, X tlie ellbfiive 
area of the outlet, h tlie height of the layer above the oidlet. ; then 
the velocity of outllow for that layer is (]! J //, C l»eing a mijtipli<*r 
taken from the jiroper formula in A;*tieles LlIJ, 400, nr <lbl. 'J'lio 
time of discharge of the layer is 
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and if he the height of the ^oji Wiit*;r, th« wlmle time is. 
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Ono of tlio niosf. cduvcnient \V{i\'s of oxprc's^iii^ this ivsult is to 
Rintf tin* wliicli tilt; timo of fMirptviii" lu'jirs tt) the time of tlis- 
t h;iri^iiii:[ ;i of water t*qiml tti the contents of the re.servoir 

^lli.it IS, j ^ s <l .sni»f»osin" it kejifc always full. Lei that time 
he railed T; its value, is T -- s d k — A O \/ //^, ami that of 

1 .... Jo 

tli(‘ |•t‘<Jml•e^l ratio is 


i 
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^I'ht; followjiiu; are «‘\ann»les ; 

Ih'seuxoir with \erlieal sitles (.<? ctuistaiit) ; ^ -r- 'J' = 2. 

\Ve(liL;;e shaiied resei’\<»ir {s = constant X /i) ; t T - 1\. 

l*ynmii<I;il res<*rvoir, tla* huso of (he pyramid 
heiiii^ the surhiei*, tlM;ape\' at lla; outlet 
(.V taf t X //“) ; ^ — T — H. 

Th(* <li\ision of the reM‘r\oir into layers may he fa(*ilitaled hy a 
pltfii ufth (‘ontour-lines at a s(*ries of dittenait levels. 

'rh(‘ time reipiired to emjity part of a n‘servoir is found by com- 
puting the time, reipiiri'd to empty the .whole, and subtracting from 
it tin* time which woidd be n'lpiin'd to empty the ri*maining part. 

^ The time reipiired to fvynn/Lr thr href of the wafer in two tidjoin- 
ing basins with vertical siiles (.such as lo k-chambei*s on canals), 
when a communication is o])em*d*lH*tw'een tlnan underwater, is the 
sanu; with th.at n-ipiiivil to empty a vcrtical-.sided reser\oir of a 
volume cijual to the volume of water transferred between the 
chainbeis, and of a depth equal to their greatest dilleronce of level. 


Section IJ . — Of the Meamrewent and h]siljmtioii of Water, 

NoifrccM of Wnicr 111 <i;<'n<;rnl ~ICnlii-fnll* Total and Avnllnblc. 

— The original source of all supplie.s* of water is the i-ain-fall. The 
rain-Wjiter which eseapijs eva|)onition and absoq^tion by vegetables 
either run.s directly from the .surface of the ground or from the pores 
of tlie surface-soil into streams, or it sinks deeper into the ground, 
flows through the erev ices of porcuis strata, and escapes at their 
ont-cy>p in sfn'itajs, or collects in sueli porous strata, fiom which it 
is drawn by means oi^irelfs. 

In what manner soevm' the water is collected, and whether it u 
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to be used for irrigat’oii, for driving iiiacl.iiitry, for froding a canal, 
or for the supjdy of a town, or to bo got ij0 of as in work.s of mere 
drainage, the lueasurcmeiit of tlie raii^^iU of the district whence 
it comes is of ])riinary iinpcn'tanje. ''^c<miple^e tljat nirasnrcnient 
two kinds of data are required, — thg^rca (»f the diNti ict, called the 
drauKttjn amt, or catch tae at -basin, or ijathf^nmj-ijriautd) ami the 
depth of rain-full in a given time. 

J. yt Drainage Area, or Catch tuf^nt-bitsin, i^, in almut eve ay case, 
a tiistrict of country ench »s<‘d hy a riih/c nr trafer I'Atc (see 
Article oS, p. Do), continuous except at th(‘ place w Inu-e tin* wat<*i*.s 
of the basin find an outlet. Jl may be, and generally is, divided by 
branch ridgc-lines into a nnmb(*r (»f smaller basins, eaeli draim'd by 
its own stream into the main stn\*nn. In nn|j*r t«» measure the 
area ofa catchment-basin a plan of the eniintry is retjuinsl, whicli 
either shows tlie ridge-lin(‘s or gives ilata fnr finding lly‘ir positions 
by me.ans of detaeln‘d levtds, or of eontonr-liiu's. (Arlicl(‘ oO, p. DO.) 

W'lieu a catcbment-liasin is very extensive* it is advisable to inea- 
suro the several smaller basins of wliieli it eonsists, as the depths of 
raiu-fall in them may be dilferent; and sonielinn^s. also, for the 
Bainc reason, to divide those basins into portions at dilfeii nt dis- 
tances from the niountain-cliains, wla'ie rain-riomls arc chiefly 
formed. 

Tlie <‘Xceptioiial cases, in liicli the boundarv ofa drainaj^e area 
is not a ridge-line on thi‘ surface of tin* l onntiy , aie those in .which 
the ruiii-watcr sinks into a porous stiatum until is <leseent is 
st4’>[)t»ed by an impervious stratum, ami in wliieli, «*onse(piently, »»m* 
boundarv at least of tin* ^irainage area (leju-mls on ibe lignre of the 
impervious stratum, being, in fact, a ridge-liiieou the ujiper surfaeff 
of that stratum, instead of on tlu^ground, ami very often marking 
the upi)er c<lge of the outcrop of that stiatum. If tlie fiorous 
stratum is jxirtly covered by a second impervious stratum, tbo 
nearest ridgo-line on tlie latter .stratum to the ]n)int wliere llie 
porous stratum crops out, will be anotlier boundar> of the drainage 
ai*ca. I n oixler to det<;nnim* a drainage area under tln'St* circum- 
stances it is necessary to liuve a genh»gical maj> and sections of the 
di-strict. • ^ 

ir. The Depth of Rain-Jail ju a given time vari«'s to a grat 
extent at difierent season.s, in diilerent ye*ars, and in diffcjM'ijt ^daecs. 
The extreme limits of annual depth of rain-fall in different jwirts of 
tlie world may be held to be re.spcctively nothing and 1 oO inches. 
The average annual depth of niiii-fall in dilTcreiit [»arts c»f Britain 
ranges from 22 inches to 140 inche.s, and the least u-.inual depth 
recorded in Britain is about lo inches. 

The rain-fall in different parts ofa given country is, in gemual, 
greatest in those districts which lie towards the 4piart(*r from wiiicb 
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tlj(i provailii)" winds lilov ; and grtiafcor in fnrosts than in tlio open 
country, iii l.ln* latn) of li to 1. Upon a givcni niouiitaiii-ridge, 
ln)WOV<n’, tin* r<‘\< rsc is the case, the grciatcst, rain-fall taking 
])lac.(‘ on I IimI sidr whicli lic3S to le«ward, as niganls the prevailing 
wiinls; tl/iis, ii[ Britain, more rain fal’-} in ge.noral on the eastern 
than on (lie wosh-rn sloj>o of a raiig(i of liiils. The cause of this 
is pi'oli;ihIy I ho* tact that the conchnisatifni of wat(;ry vaj»r)nr in 
flic af‘|n^>.spln*^(^ into rain-cloiids arises in general from tlj<i ^s(.*(»iit 
of moo,t Mini wai'in ail* n]> tlie slope's of mountains into a cohl 
region; tin* elonds thus formed are elriffced hy the wind to tlio 
leerward side eif the mountains, and there fall in rain. To tlie 
same cause mM\ he ascrihed the faet that tin; rain-fall is great('r 
in nnmntainous than in tlat disti*iets, and gvi'siti'-r at ])oints near 
Kigli moiinlain-snminits than at points further from thmii. 

The (‘levidion of l,ln^ locality where the rain-fall is measured does 
not apjicar ma((‘riall\ to alfect tli(i dcjith, except in so far as cleva- 
ti<ni is an usn.d ac<*ompanimcnt of iicann'ss to a mountain-chain. 

A \ast amonnl of detailed information has hecn ofdhjoted as to 
the dcptl) of rain fall in dilfcn'iit places at dillcrcnb times; Init 
tlicrc does not v<‘t exist any tln‘ory from which a prohahle (‘stimate 
of (h(' rain-lldiVn ;Y gi\cu district can he tiedneed ind(*j>ciidently of 
dii*<‘c<. ohsci'N at ion. 

'rh(‘t,nost important data respecting the depth of raiii-lall in a 
gi\i‘n district, lor practical ]nir]ioses, arc the following : — 

(1.) 'riic h'ast annual rain-fall. 

(-.) Tlic mean annual rain fall. 

(li.) The greah'st annual .rain-fall. 

(1.) 'fhe <lislrihiilion of tlu- i nn-fall at difTereiit seasons, and, 
csp(‘eially, (he longest continuous drought. 

(j ) d’h(* greatest Hood rain-fall, or continuous fall of rain in a 
short period. .■ 

The order ol' importtince of tlu'sc data d(‘])cnds on tlie purpose of 
the ])roposi’d Moi k. If it is one of waler-supply, the least aiiuual 
rain-fall avTd tlie hmgest ilrmight are the most important data; if 
it, is a work of drainage, the greatest .innual rainfall and tlic grcate.st 
(lood are the most imyiortaut. 

hjxperience shows that tt) obtain those data coinjdotely and 
exactly for a gi\cii district requires at least iiO yi'ars of daily raiu- 
gaug<j ohscrval i<nis, if not more, lint it very sokloiu happens that 
so long a senk‘s of ohservations lias hecn made in tlie precise spots to 
wdiicli the iiupiirics of tin' engineer are directed, and in the absence 
of such rcconls In' nihy [iroeeetl as lolloxvs: — 

(1 ) Obtain a co})y of the rt'Ciirds of the observations made at the 
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nearest station wJiere the rain-fall has uecn ohserveil f > • a long 
series of years, and froni them a.seertain the longest drought, and 
compute, the mean annual rain fall at that station, the greatest and 
least annual rain-fall, the greatest ilood rain-f .11, d'e. The station 
in (juestion may be called tli? “standanl station. " 

('J.) Establish rain-gauges in the ilistriet to beexaniined, at places 
which may be called tla* “ catclinuait stations," and have^them 
observed daily by trustwtuthy jK'rsons, talcing <*are lo <.hj; ’n a copy 
of the records of the ob.servations made at llu'sanio i.nieVt the 
standard station ; and let that scries of simnltaiu'ous oi>servation.'j 
be carried on as long as possible. 

(3.) Coiujaite from tho^e simultaneous ob.M iaations the proj»or- 
tions borne, to the lain-fall at the standanl statiru) by the rain-fall 
in the same time at the several catchment stations; multi]>ly the 
greatest, least, and mean annual depths of raindall, ithe grcat(‘st 
tlood, ite., at tin* standard st;ition by tho.se ]>ro])ortions, ami ilu) 
results will give probable values of the eorn'spoudiug (juaiitities at 
the catchment stations. 

The j)ositions of the catchment rain-gauge stations must, to a 
considerable ext<‘nt, be r<‘gulated by the praetmahjity of having 
them observed once a-day; hut tln^y should, as tin* as practicahh‘, 
be di.^tri billed uniformly fiver the g.itlaa-ing gmund. Jfit consists 
of a liuniher of branch basins, there slamld, if |K)ssil)lr>, begone or 
more rain-gauges in each of tluun. Il‘it is l»oiimled trav(‘r;«‘d l>y 
higli hills, some gauges should ho plaeed on or n(‘ar tlieir summits, 
ami others at ditfenait distances from them. 

Each rain-gauge should be placed in an open situatimi, that it 
may not ho screened hy rocks, walls, trei-s, hedg(‘s, or other olijvcts. 
Its mouth should ho as near the leVel of the gnmnil as is coii.sistent 
with security. Jt may be suiroiindfsl uitli an open timb<*r or wire 
fence to protect it from catth* and slas-p. 

A rain-gauge for use in the field eonsi.sl.s, in g. nnal, r>f i conical 
funnel, with a vci tical cylindrical rim, very aeenrately formed to a 
prescribed diameter, sucli as 10 ov \'2 inches, .md a collect ing vessel 
for the water, usually c)liudrieal, and .‘^mailer in aref^ than the 
mouth of the funnel. If this vessel is tc) be used as a*^neasuring 
ve.s.sel also, the ratio of its area to that of the month of the fuin.< 1 
is accurately asetu-tained, and tlio d«jpt.h at which th<^ water ^tand^ 
in it is shown by means of a float .with a graduattsl brass stian 
rising above the mouth of tlie gauge. Sometimes tin rain collected 
is measured by bi‘ing [)oiin;d into a graduated gla.ss mca.sui’e, wdiich 
the observer eaiTies in a case. The mo.st accurate inc^thod o^ gra- 
duating tlie measure is by putting kiiowm w^cjghts of water into it, 
and marking the height at which they stand (as recommended hy 
Mr. Haskoll in his Engineering Field- \V ork). In perform) lig^dds 
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process, tJie weiglit ol'a cflVjic inch of pure 'water, at 62 '^ Fain*., may 
be taken as 

2.j 2*6 grains." 


1’lie g?as,s iMcasiirci may either he « graduated to cubic inches, 
Ix iag dividend by tlie an*a of the funnel in Siiuiiro inches, 
Mill gl\e the depth of j*ain-fall in inches; or it may be graduated 
t«> .‘ihqw ft once iiiclu's (jf rain-fall in a funnel of the ar< a employed. 

nhr^ rvalions of rain fall in the held are usually recorded lo two 
<1eeiuial jilaees oi'an inch. 

Jt may l)e stated as a result of experience, that the ]u-oportions of 
tlui h'ast, mean, and greaU‘st annual ruin-fall at agi\en sj)ot usually 
lie between thost‘ ol' (he numbers 2, 3 ,and I, and those of the nnm- 
b(‘rs 1, o, ami d. 

111. '\\n\ ArnihthJfi lia'm-j'all, <»f a district is tliat part of the 
total rain fall ^\hi«•h n-mains to be stored in ri‘sei-voirs, or carried 
away by M reams, af(» r «ledueting tla* loss tlirough evaporatinn, 
through permamait. al>surplion by ])lantsand by tlu‘ ground, ite. 

'flu* ])roporti<ui borm* by the available to the total rain-fall varh'S 
\ery much, bm’ng alfeeli'd by tin* rapidity of the rain-fall and the 
oomj)aetiiess or jKubsily of tin* soil, the steepness or flatness of the 
ground, the natuie and quantity of the vegetation u])on it, the 
tempef.dure and moisture of the air, the existence of artificial 
drains, and other circumslamjcs. The following are exam])les: — 


<1 


Ground. 


Available Ituili-fall. 
Total llaiii-fall. 


Steep surface's of graidle, gneis.s, and slate, nearly i 


INI norland and hilly pasture, from *8 to *6 

Klat eulti\ ated country, from *5 to *4 

(Mialk, o 


D(*ep-scated springs and wells give from -3 to *4 of the total 
rain-iall. 

Such data as the above may be used in roughly estimating the 
ju'obable rVi^ilable rain-fall of a district; but a inueli more acftuiate 
and satislaelory method is to meanuro the actual discharge of the 
streams at the same time that the rain-gauge observations are made, 
and so to find tlie actual propoHion of avail ible to total rain-fall. 

4 t 57 . IVIoiiHiirfiiifiil lind lilMdiiialion of llio Flovr ofSlrcauiN. — There 


• This is (lei"jce«l fronj tin* value alieady given in p. 161 lor the weight of a cubic 
foot dT pure water at 02"’ luihr., \iz., 62 355 lbs. avoirdupois, or 436,495 grains. 
That value U based on data given in Professor Miller's paper on the Standard 
Pound ■* {Philosojihical Transactions^ 1856); it differs slightly from that formerly 
fixed hy statute but since abolished 
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are tJiree niethoils of uiojisuriji" tlie of a stream by >vt‘ir- 

gauges, by current meters, ami by calenlalicui troin tlio <liiiiensi<iiis 
ami declivity. 

J. TIic‘ use of Welr-ganyes is the most aeci irate metljoj, ]»ut it 
is applicable to siiiall streamS only. Tlie weir is constructed ac]<»ss 
the stream so as to dam \i]) a nearly .still jumd of ^^;ller bcliiml it, 
from Avhich the whole flow of th(! stream e.s4-a|u‘s through a jiotch 
orothcr suitable sharp-edgt'd orifice in axcrlieal pcit( i.r ’'oawd, the 
elevation of still or nearly still ^^ater 1 h ing ol)Mr\»4i « ; a vertical 
scale in the pond, ANhosc zero-]K»int is on a le\4>l N\ith the bottom of 
the notch, or w ith the centre of a roiuid or jeelangular orifice. I'or 
the laws of the tlischargc <if waica* through ^erlie.ll orifices, .see 
Article 441J, ]). 081. 

For stre.ams of very variable flow, it aj»pears fV<int the expeii- 
menis of the late Dr. Jas. Thomson, that the i ii;li*t .in/led tri- 
angular notch i.s th(* best form of oritiee (see /t\pi>rfs of tfot 
Aifsocialion for ]8fll), as it measures larg(' and small (piantitics 
with equal javcision, and has a sensibly constant eoef)i(M« nt of con- 
traction. Where one sucli notch is insuflieient, h<* jeeoiumends 
the use of a row of them. The pond may hj^\e*i Hat flo(»r ot 
planks, on a level with the bottom of the triangular notch. 

When oritii’(\s wholly immersi'd art* iisi d, round tu- stpiare ho)r> 
are tlie best, because their co-eflicieiiis of et)nfrael,i(ui \ary Jess flian 
tho.se of oblong holes (st'C p. Jf one round or stjuart* hoh* is 

insufficient, a horizontal row of them may bt* ustal. 

A weir-gauge should b<? plaeetl on a straiglil part of the channel, 
because if it is placed on a cur\ed part the rush of wa,ter from ihe^ 
outlet may undermim^ the concavt? bank of Ihe str(“am. To j)re- 
vent the weir itself from being undermined in frtujf, the Ix^ttom of 
the channel below the onth*t should he ])rot(‘ctcd Ity an apron of 
boards, ora stone pitching, or by carrying the ^\ater some distanet* 
forward in fi wooden shoot or spout, ]daeed st» low as not to tlrtiwn 
any part of the outlet. 

Stream-gauges ought to be obs(‘rved onctj a-day at J(*ast, and 
ofU'iier wlu*n the flow of tlu' stream is in a stale o*‘ ra^)id valua- 
tion, as it is during the rise and fall of iIocmIs. 

II. Jjt/ Cur^'ent Mefei'S.- — In huge streams th(‘ How can in gener.d 
be mea.sured only by finding the area of ero.s.s-section of tJio stg^am, 
measuring by suitable instruments the \eloeiti(*.s of the current at 
various jioints in that cro.s.s-section, taking the mean f)f tho.se 
velocities, and multiplying it hy tlie sectional area. 'J’he mo.st 
convenient instrument for such measununents of voltieiry is a. small 
light revolving fan, on whose axis there is a sc^w, which drives a 
train of wheel-work, caiiying indexes tl.at record the number of 
revolutions macle in a given time. Tlie whole aj){).iratu.s is fixed «t 
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the end of a polo, so tliai^'it can he hiimo-fsofl to different depths in 
didei-fnit parts of tlie (jliannel. The relation between the number 
of rovolntioiis of tlio fan per minute, and tlie corresponding velocity 
of the* fiuiS'iit, should b(i determined e\])ennHintally by moving the 
instrument with ditFe.nnit known velo^jities through a piece of still 
wab r, ami noting the nivolutions of the. fan in a given time. 

A, straight and uniforiu part of tlie channel slKiuld always bo 
ehosen fur experiments on tin* velocity of a stream. 

When from the wai t of tlie projier instrument, or any other 
cause, the velocity of the current cannot Ixj measured at various 
]u)ints, the velocity of its swiftest part, wliich is at the middle of the 
surface of tliii stream, may be measured by observing the motions 
of any eon ve.n lent body floating down, and from that greatest velo- 
city the mean velocity may be computed by the foriuida given in 

AiVielu 4l:>rl'- ^i7 l. . 

1 1 r. Htf Cah'AiUilum frum, lha Dei'J.iviljf . — For this purpose a ])0r- 
tioii of the, stream must be carefully levelled, cross-sections being 
tiikeii at intiTvals; ami tln^ dis(*barg(* is to be calculated by 
till' rides of l>i\ision i. of Article 4ol, p. (187 In order ihat the 
result may l»e„;icejjrate, the part of the stream chosen should have^ 
iis nearly as possible, an uniform eross-seetiou and declivity, and 
should be fV<*<‘ frorii obstruetiou to the current, and, above all, from 
weeds, wliieh have boon known to incivase the friction nearly 
tenfold. 

IV. h'stinicUion o/ Fhin ui ijijlhumt Years . — The discharge of a 
Btivain during a eei tain piu'iod of ob.'vervation having boon ascor- 
^taiued, may b(‘, used to eompide probable v'alucs of its least, mean, 
and greatest discharge* iii a .serii's of years, by multiplying it by the 
proportions liui-mi by the raiu-f.ill in those years as observed at the 
“standard slatinu’' (see Arfiele •b'ib, j>. G!)o) to the rain-fall at the 
same station during tlie ])eriod \\ Inm Hu stream was gauged. 

'bOS. Oriiiimry Mow mid i^'loodsi. — (Questions often arise between 
the promoti'i’s of a water- work and (he o.. ners and occupiers of 
land oil the banks of a stre.xiu as to the distinction between the 
“ ordinary’’ or “average summer discharge’' of a stream and the 
“tlopil discharge.” 'fluj distinction is in general not dillicult to 
draw by an I'ligiiieer who personally inspects the stream at each 
tinu,v that \{> flow is gauged; but to p, » vide, for the case of such 
inspection being impr:u*i icable, Mr. Leslie lias proposed an arbitrary 
rule for drawing that distinction, Avhich many engineers have 
adopted. U is as follows : — 

Lbinge the discliarges as observed daily in their order of magni- 
tude. ■ 

Divide the list tluis arranged into an upper quainter, a middle 
half/ and a lower quarter. 
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The discliarges in the upper quarter of the list are to be consi- 
dered WA floods. 

For cacli of the flood discharges thus distinguislied substitute tlie 
average of the middle half of the Ust^ ami take tlu* mean of the 
whole list, as thus modified, for the ordinary or average (ischarge, 
exclusi re. of food- waters. 

It a])poai‘s that the oidiuary discharge, as computed by this 
method in a nundjer of examples of artiial '^li cams in IiilJy districts, 
i*anges from one-third to one fourth of tin* nimn disdiarjf, i'lc^nding 
foods; being a result in accordance with Tutse arrived .a by engi- 
neers W'ho have distinguished floods from ordinary jlis<*harges to 
the best of their judgui(‘iit, without fi)lIo\ving rules. 

4-V.l. iVif'iiMirt'iurnt of i<'iow in i*i|M‘N. — The ]l'((ff‘r Afeftirs^ or 
instrunu'iits for measuring the flow in ]>ipi s, now commordy used, 
may be divided into tw'o classes — piston meters and wdieel mi‘tei*s. 

A j)istoTi meter is a small doubh‘-acting water-] )re^^u re engine, 
driven by the How of w'ater to be im^asunMl. 'fhat of Messrs. 
Chadwick and Frost records the number of drolrs made by tin? 
pLston, each stroke corresponding to a certain voliinn* of water. 
That of Mr. Keimrdy is so constructed tha( , by rni‘ans of a rack on 
the piston-rod driving pinions, the distance trav<^\se»i by th(‘ ]»ist()n 
is recorded by a train of wbeel-work, with dial-plates and inde.xes. 

An example of a wheel m<‘ter is that of Siemens. )*ejng a small 
reaction turbine or ‘ I3ark<*r^s mill,’^ driven by the ilowT ^riie 
revolutions are recorded by a train of wdieebwork, with dial plates 
and indexes. 

Another exampb* of a wheel meter is that of iMr. Gorman, being 
a small fan turbine or vortex wheel driven by the flow, and flrivin^ 
the indexes of dial-idatet. 

The ordinary errors of a good water meter are from h to 1 per 
cent. I in extreme cases of variation of pressure and speed error.s 
may occur of per cent. 

The value of the revolutions of a wheel nmter shonM be as- 
certained experimentally, by finding the niimlKr of revolutions 
made during the filling of a tank of known ca])acity. (See 
Appendix.) . 


Section III . — Of Stsire Reservoirs. 

460, Purpovri* nnd Capacity of iSlore Kcvcrvoirn. — A store reser- 
voir is a place for storing water, by retaining tlie exce.ss of ram-lall 
in times of flood, and letting it oft' by degreeswn tiine.'^ of drought. 
It effects one or more of the f' llowiiig purnoset. — 
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To prevent damage by (loo<Is to the country below the reservoir. 

To prevent the evil consequences of drouglits. 

To iiH;r(*,i.se t)»e ordinary or available flow of a stream by adding 
to it th(‘ or part of the flood-w.4.terH. 

To en.'^})l<‘ \vat(‘r to be diverted from^a stream witliout diminishing 
tin* “ordinary” or “average summer flow,” as dt'lined in Article 

4.0S, p. 

'I’o^^allow mechanical iuqmrities to settle. 

riiCj ardiltihle capuciUf or starofjp-rooia of a revservoir is the volume 
con1aim‘d between tin highest and lowest working water-1 e\ els, 
and is l<*ss than the tofnf ntpacky by the volume of tlie space below 
the low<‘st ^\orl^ing watcr-h'vel, which is left as a ])lact5 for the 
colh'ctiou of scdinuMit, and which is cither k(‘]»t always full, or only 
<-mpticd when it is absolutely iieceswiry to do so for jmrposes of 
cleansing and repair. Jt is irnpossibh* to lay down an niiiv'crsal 
rule, lor the volume <»f ‘lu‘ space s*) left, or “bf)tiom” as it is called; 
but in soijiic good examples of artificial nvst rvoirs it occupies about 
one sivth of tin* greatesi dejdli of water at the deepest part of the 
reservoir. 

'f’la* ahsoliiti* storage room reijuired in a reservoir is regulated by 
two ein*umsi;ii«ees;- th<‘ demand for water, and the extent to which 

the snppfi/ tluehiates. 

'I’la* , demand is usually a eerlaiii niiitorm quantity per day. 
Experieiice has shiiwii that about 1-0 daps demand is the least 
storage-ro<mi that has proved suttideiit in the climate of llritaiu ; 
in .some case's it ha.s proved insiitllcient ; ami even a storage er pi al to 
140 days* ih-maml has been known to fail in a very dry season ; ami 
fouseipn-nlly s.oim* engineers advise that every store reservoir 
should if ]»ossil>le coiitaiu ,s'/.r mmitlts <hiniatuK 

From data i-especting various existing reservoii’S and gatliering- 
groumls, given by Mi\ l»ear<limuo (!1 pdraulic Tables)^ it ajijicars 
that the storage-room varii's from one-third to one-half of tlije avail- 
able annual rainfall. 

'fhe best mil' for e.stimating tlie available capacity required in a 
store reservoir would probably be one founded upon taking into 
account th3,supi»ly as w ell as the demand. For example. — ' 

180 daps of the c.ircss of the daily demand^ above the least daily 
supply^ as a.scertaiiied by gauging and computation in the manner 
described in the pn'ccdiiig secti<m. 

Ill order that a reservoir A' the capacity prescribed by the pre- 
ceding rule may be etlicieiit, it is essential that the lectst available 
annual raivrfall of tluj gathering-ground should be sufficient to 
supply a year's demand for water. 

To enable the gathering-ground to supply a demand for water 
correspond ing to the average available annual rainfall^ the greatesi 
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ioifil dejlclemy of available raiu-lall bolrw such average, whether 
coiiiiued to one year or exteiiiling over a series of yeai's, must he 
ascertained, and an addition equal t(» such dt'Hciency made to tlie 
reservoir room; hut it is in genenil s;der. as weJl as less expensive, 
to ext^iud the gatheriiig-gioiiud so that the, least aiiuiial supply may 
he s\iHicieiit for the demand. 

"riie foregoing principles as to e.i parity have reft*renee to those 
cases in which the water is to he used to Hipjtly a denaiyd for 
water. When the sole ol>ject of the reservoir is to )m'. \ e'i(jitloj>ds 
in the lower juirts of the stream, it ought to he abh; to euiitaiii tho 
ascertained gn^atest total excess of tlie a\ail;ible rain full during a 
season of Hood aboxe the gre,atest discharging e:i]»:ieity of the stream 
consistent ^vith freedom from damage to tin* comitry. 

4 til. Rfurrvoir HUcm. — Fu <thoosing tli<‘ site of a reservoir, tlie 
engineer has lliroe tilings ehielly to coii.^idor : tlie el^-\iitioii, tlie 
contigiuiitioii of the ground, and the materials, especially tho^o 
wliich will form the toumlations of the cmbanlvincnL (Unhaiik- 
meiiLs hy which the wati‘r is to he retiiinctl. 

I. The Elevation of the site, must at once he so high that from 

the lowest water-level there shall he suilieuail fall tor ihi; pipes, 
conduits, or other channels by which the watiT IR t(»*l>e disdiarged, 
and at tin* same time so low that there shall lie a sullieicait gather- 
ing-ground above the highest watei-l(‘vel. • 

II. Tiie Coitji-guration af the ttroand best, sniti'd tor a I’eseiA'oir 

site is that in which a largo basin an be enclosed by endianking 
across a narrow g<irge. To euabh* the engineer to eoiiijiure sueli 
sites with each otJier, and to caleulate their eapacities, ])Ians with 
fri'quent contour-lines arc veiy useful (Article fOD, p, !>0), or in tin.* 
absence of contour-lines, numerous cross-sections of the valleys. 
Tho water’s edge of the reservoir is itself a contour-linc. After tlie 
site of a reservoir has been lixed, a ]dan of it should he pr(‘paroil 
with contour-lines numerous and close enough to enable tho 
engineer to compute the ca[)acitv of every foot in dejitli iVom the 
lowest to the highest water-level, so that when the resi*r\ oir is eoji- 
Btructed and in use, the insjiectioii of a vertical scale ljxi*d in it 
may show how much water there is in store. • % 

Cai*e should bo taken to obser 'c whether the basin of a j>rojvct/^d 
reservoir site has, besides its lowest outlet, liigher outlets through 
wliich the water may escinie when the lowest outlet is <flj>sed, 
unless they also are closed by einhauk'iiieiits. 

The figure of the ground at the site of a j»rop()s<*d reservoir 
embankment must be determined with care and accunic . by making 
not only a longitudinal section along tlie centre line of th(5^embknk- 
luent (which s(*ction will be a cims-seetion as^regards tlie valley), 
but several cross-soctions of the f.Ite of the euibankiiicnt, which Khcnild 
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be at right angles to tliOrloiigitudinal section, unless tliere is some 
special reason fur placing them otherwise. One of these cross- 
sections of Ihe enil^ankinent site should run along the course of the 
existing outlet of the reservoir site (usually a stream), and another 
along tl)(!»cour.s<‘ of the intend(Ml outlet, (usually a culvert contaiiiiug 
one <»r more ]»ipes). 

111. MalertaL — The materials of the vsite of the intended einbaiik- 
iiH*nt' should he cither impervious to water or capal le of hi‘iiig 
easily ^-eincned so far as they are pervious, in order to h*ave a water- 
tight foundation; and their nature is to he ascertained by borings 
and trial ]>its, as to whicli, see Article 187, p. .'Jol, and Article .391, 
p. 598 ; and, il'necossaiy, by miiK's. (Artiele ‘1!)-, ]). 594.) In many 
cases it is not snilicient b) coniine this exaniinaiioii to the site of 
the (‘mbankment ; but the boitoni and sides of the reservoir-basin 
must be, (‘xainined also, in cuMha* to aseertain vvlu'ther tiny do not 
contain the oulerop of -porous strata, whieb may eouduct away the 
im]Kum(hvl wabM-. 'flu- lu-si mab-rial for the foundatiou of a reser- 
voir <‘nibjinknient is elay, and tin* next, compact rock free from 
fissur(‘s. Sp?-ings rising und«*r th<‘ bast* of tluj embankin<*nt are to 
he e:n*cfnlly :i\<»ided, 

'riie engim-cr should as'*crbn*]i where earth is b) be found suit- 
abhi for making tln^ embankment, and cspeeially clay lit for puddle. 

4G2. iniiiii AivnHii nu'ans land 'vhieh lii‘s near the margin of a 
rcs(‘rv(;ii*, at a height not exet‘<*tling three feet above the top water- 
level, and whose drainage* is e<u»s<*fpicntly injunsl. The ])romoters 
of Ihe resi*r\oir are .som(‘tinn‘s t»l)liged to purchase*, such lanel. Its 
boundary is of course a ceuiiour-liue*. 

4()3, C'oiiMiriirllou of' IC«*Mcr«oii* EiiibniiknirnlN. — I. G6U6Tq 1 Fiyure 
and DuiiPnsinvs . — A I'e'seTVfMr cTubankment rises at least 3 feet 
abeive tbetoje water l<*ve'l, and in some case*s 1, fl, or even 10 feet. It 
has a le*\e*l t<»p, whose br«‘aelth may be* in tu'elinary cases about one- 
third e)f the gre'atesl he*ight ed' the t*nil)ai.kment ; the oule*r shijie, e^r 
that furthest fnun the water, may have* an iiielination regulateel by 
the stability of tlie* inatt*rial, such as 1.1 b) 1, or - to 1 ; the inner 
slope, or that in*xt the wate*r, is always made.* fltetb'r, its most com- 
mon inedheith)!! luung 3 t»» I. 

IT.' The dettimf-ont of tin* bemud iries of the embankment on the 
gnuniel (see* Artieh* 07, p. 113) is to he pel-formed with gr(*at accuracy, 
by tho aid of the cross-sections alre*ady jne*ntioned in a pi-eccding 
article. 4'he' IVdlowiug method als-i has be*eu fonnel convenient in 
suitahle situations. On the* siele of the valley, at one end of the pi-o- 
posed embaicknie'iit, e*rect upon pr*)]>s a we)e)de*n rail, with its upper 
edge 'exactly horizeuital, and exactly in the plane of the slope to be set 
ont. At a convc'iiient distance hack from the rail as regards the 
slope, ^s(*t up a prop supporting a sight having a small eye-liole, also 
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exactly in the plane of the tu be set out. A row of pegs 
ranged from the sight so as to mark j)nints on tlie ground in a line 
witli the uj)j)cr edge of the mil will give tlie foot of the slope. 

The same rail (with two dilferent siglits) may be used to set out 
both slojies, if its upper Alg<' eoineiiles with tlu*ir line of inter- 
ei etion. Let the inner slope be s to 1, the taiter .s' to 1, the breiidth 
of the top of the embankment ; tlnai the lu iglit of that liiij? of in- 
temectiou above tlie to]) of the embankment is, • 

( 1 .) 

and its horizontal distance outwards tV<ini the centre line of the 
embankment is, 

I 2 (.V ^ O 

An iiistvinuent consisting of a bar with twr) sights e€aj)able of 
turning about an axis adjusted so as to hv ]*er])endicfdar to the 
slope to be ranged has bt'cn nsed for the saim^ purpose. 

ill. Preparing the Foundation . — The foundation is to be pre- 
pared by stri])ping off the soil, and exeavjiling and removing all 
])orons materials, sucli as sand, gra\el, and ttRsm-ed rock, until a 
coin])act and water-tight l)ed is reaeln'd. 

TV. The (hdrert for the outlet-pipe^ is next to be ^uiilt in 
cement or strong hydraulic nnTtar, re.stingon a l•a'•e f)f hydmnlic 
concrete. Its internal dimensions .mist be suflicient to admit of the 
access of workmen beside the pijie or }»i]M*s ^^hi^•ll iv is to contain. 
The priiici])les whii-h should regulat<‘ its figure and thickness are 
lliosc which liax; be< n exjilained in Article 21)7 a, ]). 4o.‘k 'fife 
outer or down-stream mid of the«cuivert is usually o])en, and often 
has wing- walls sustaining the thrust of ]>art iT tin* outer sloj)e of 
the embankment; tlie inner or U]>-streani i-ml is usuall}^ closed witli 
water-tight masonry, througli wiiicli the lowest-or scouring outlet- 
pipe passes, fn some rescTvoirs then* is a A\ater-tigl)t ]mi lition of 
masonry at an intcTimaliatc* jioint in tlie cul\ert. Tin* culvert i.s to 
be well coated with clay puddle. (Arliele 2(Hi^ p. .‘ML) Jii the 
best constructed re.>er\oir.s a /uiw stands on the imft-Nend of the 
culvcTt, to contain outlet-japeS for drawing watc*r frc»ni diller’^'iit 
levehs, with valv(;s, and ni<*clianism for opening and shutting them. 

Somi‘tinies a cast iron ])i])e is laid without any eul\'eit. 


• The lollowiug method was iiacnl by .lardine to clear unbound eiccw away from 
the rock foundation of tlie embankment of (ilencorhc rc-enuir, near Edinburgh. 
A layer of clay puddle was spread and well rammed ()\er the >urfa(;u of rock, 
and was then torn o(T, when all the fissured fragments itinic away adhering to the 
eheet of puddle, leaving a surface of "ouiid rock for the fojtidafion of the embank- 
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V. Makimj the K mha uLYitenL — ^Tlio embarikmoDt is to be made 

of clay ill tliiii li<»rizuiital layers, as described in Article 199, 
Division i J I., ]>. 1 1. Th(‘ central part of tlie einbankrnent should 

bo a pwhUtt tnilf” of a tliiekncss at Ibe base equal to Jibout one- 
third of its liciglit; it may diminish tb about two-thirds or one- 
hrdf of tJjat thickn(‘ss at the toj). Great care must be taken that 
(.Ik* |Mi<ld](j wall makes a perfectly water-ti^dit joint with the gi'ound 
tliionijhout the whole of its coui*se, and also w'ith the puddle Oisting 
of tlia ('nlvert.* 

I)ui*ino tlui construction of a rcs(‘rvoir (iinbaiikinent care should 
be taken to provide a ti inporary outlet for the water of its gather- 
iiiiX-i^round, snllicient to carry aw'ay the greatest Hood-discharge, 
'riiis may be <1 (hm* eillier liy ba\ing a pi[)e snllicient for the purpose 
traversing th^^ enUeil, or by eompleting a sullicituit bye-wash before 
tlie (‘inbankuent is eoinnH‘mH‘d. 

VI. J*r<ffrtfion nl' Slojirti and Top.- The outer slope is usually 
proleeled Troin llu* \\<*ather by being eov(‘red with sods of gi'ass. 
'J’he inniM* slopi* is usually pitched or Iac4‘d with di*y stone set on 
t!<lge hy liaiul, alnait a foot thiek, up to about thivc* feet above the 
top \vafer-le\ el^ and a-^ imii'h higher as ^\a^es aiul spray are found to 
rihe. 'i’lie top of (hr eiuhanknient may he covered with sods like 
the outer slope; hut it is often cMUiveiiicnt to make a roadway upon 
it; ill »‘‘ither (msc it sliould he dressed so as to hav(‘ a slight con- 
vexity in the nd<ldle, like (hat given to ordinary roads, in order 
tliat water iiai'y run oil' it readily. 

N«> tre(‘s or shrubs should be alloweil to grow on a reservoir 
embankment, as their nads pierce it ami mak<? openings for the 
ration of \Nat<*r. Tor the same reason no stakes should be 
driven ini«) it. * 

40 1 . A|»|K'ii<ins<**« oi .Niorc iCcM*r«€>ir><. — 1. 44ie If'asle-weu' is an 
n]»pendagt' <*.s.se)iti:il (lie .sdety of ever\ re.servoir. It is a weir 
at. such a le\el, amJof such a length, as to be eajiable of discharging 
from the reservoir the greatest (looil-discharge v-’thc stmims which 
su])jdy in, witliont causing the water-level to ri.sl^ to a dangerous 
height, (^s (o the disidiarge over a weir, see Article 449, Divisions 
II., 111., VI.' and V 11., jip. to (i84.) The water discharged over 
th(7 weir is (o be reet'ived into a cbaniiel, open or coxored, as the 
situation may iv(pdre, anil conducted into t’ e natuial water-course 
below llii' ivs<*rvoir embankni^ut. Tin* weir is to bo built of ashlar 
or 8quar(*d bainmer-dressed masonry, tin* bottom of the waste- 

* The late Mk Smith of l)(>nIl.^toIl ranmit^l ami puililIcU each successive layer 
of a rpscr\ oir ombankincnt by ercrlinp a r.iil-fenco along each side of it, and driving 
R (look of «liccp several tinifs backwards and forwarils along it. 

Clay puddle nuiy be protected against th« burrowing of rata by r mixture of 
engiiHit altios, care being taken not to add so much as to make it pervious to water. 
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cliaiine], directly in front of it, is best protected by a series pf rough 
stone sti^ps, whicli break the fall of tbc water. Iii.stead of a waste- 
weir, a wa4!te-pU has in some cases been nsi‘d ; that ia to say, a 
tower rising through or near the einbanknieiit to the top water- 
level; the w\aste water f;ills<iiit<j this t<over a ml is carried aw’ay by 
a culvert from its bottom; but the ellieien%^y and safety of this con- 
trivance are very (pies t ion abb', hu* it seldom can lia\ea sutlieicnt 
extent of overfall at the to]». / 

n. Wifafe-sfnices may be opened b) a'^sist the wasfr wcjr*iii dis- 
charging an excessive supjdy of water. 'J'iny may eilli* r be under 
the control of a man in cliargi* of the re^( r\oir, or they may he 
Bclf-aoting. Tlie simplest and best self-acting w asle slniee is that 
of ]\F. Ohauhnrt, as to whieh, see A J/tt/ziftf/ of the Steam Ntufuie ami 
other I*rinie Mortruy Article l.'bb ]>. lo'b 

III. Chifrert^ Valve-'roirer, Jh'uhje. I’^atrrH . — The 

culvert and its tower have b(*en nnmtioned in the preceding article. 
Wlien the towt r is imbedded in the eml>ankment, as it •sometimea 
is, it is culled the valve.-jnt; but tlie best position for it is in the 
re.servoir, just clear of the embankimmt; and then a lightyor*/- 

is rofpiiird to gi\X‘ access to it j'n>m (In- ti*p of tlie embank- 
ment. •* 

SVlum tlu^ object of a store r(‘ser\<u'r is simply to eipialize the 
flow of a .stream, in ovd(T to protect tin* lower country fVon^ Hoods 
and to obtain an increased ordinary ilow availabbi for ii ligation and 
water-power, ime <mtb‘t-])ipe may be siini<'ient, disehaiging into the 
usitnral water-course below' lli“ embankmmit; but if tlniwate,r is to 
be used for the su]»ply of a town, or for any (»l]u*r purpose, to whieh 
cleaniie.ss is e.«seutial, there must he at least two outIet-pip(‘s, — tl»^ 
ordinary (ZMc/fc((r^e-pi/>e, which lakFs the water frtuu a |)oint or points 
not below^ the lowa\st wat<*r-h*vel of tlie reseiwoir, in order to con- 
duct it to the town or place to be supjdied; and tln’ rleansbui-inpe^ 
wdii(;h takes the water at or near the lowest poii t in tla* re.servoir, 
and discliargea it into the natural u'ater-c<mrse below tla- embank- 
ment, and is only optaied occasionally in ojMler to seonr away sefliment. 
The water-course, wdieie such scouring disi-lrarge falls into it, must 
have its bottom protected by a stone i^itcbing. As to t)N disebargo 
of pipes, see Article 450, p. 084. 

The mouthpieces of such [)ip(‘s sliould be guarcbsl against the 
entrance of stones, pieces of wood, or oihm* bodies which*migbt 
obstruct tlu'in or injure the valve.s, Dy means of conviix' gratings. 
The valves be«t suited for tlicm are slide valves, as to wliich, see A 
Manual of the Steam Euffine and other Prime Jlover.'^^ Article 120^ 
p. 124. 

IV. The Bye-wash is a channol sonietinieff used to divert jiast 
the reservoir the w’aters of the stri‘ams which sii[>ply it, vvhc i \)icse 
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are tiirbid or otli<jrwi.se impure. Its dimensions are fixed accord- 
. iug to tbe ju-iiicipk-.s of Article 451, p. G85. Its course usually lies 
near one imugin the reservoir, and is then conveniently situated 
for recijiviiig I he water discharged by the waste- weir. 

In seme cases, when a reserv’^oir has'ooeii made under a stipula- 
tit)ii that only the. sur[)lu.s above a ccTtain quantity was to be 
allowed to ilow into it from thci streams, the w’hole of the streams 
have Im'cii eoiiduete<l ])ast the reservoir in a hye-wnsh, having weirs 
or overialls along its margin, at eertjiin p«)ints in its course above 
the top water-level of tJie reservoir. The levels of those weirs were 
so adjusted that when in) more than the jjrescrihed quantity flowed 
<Iown the bye-w'asli none eseai)ed over the Avoirs; but when there 
was any surjdus flow in tln‘ bye-wash, the water in it rose above the 
crests of the weii-H, and tin*, surplus eHcaj)ed over them into the 
reservoir. ^ 

V. DiiUirti'uni-cufs are ]H‘riuanent bye-w'ashe,s for sti’eains that arc 
80 impure lis to be n‘|eeled allogetln i-. 

VI. JfW.f/cr.'i are small ebannet> for divc'i ting either streams or 
fiurface di*.u‘nage Info I lie r<‘S(*rvoir, and so ineiH'asing its gathering- 
ground. WJien used to ealeh surf.iei* drainage, tiny have been 
found to conduet to the reservoir from one-f^ut trier to one-half oi tlie 
rain-fall. 

Jn cdjineetion Avith f<*eders for di\H'rting streams into the reser- 
voir may be nn'iitioneil what may be called a separaiintj-wiry the 
invention of iui assistant of M... ilaleman, and first used in the 
Mancliosttjr Avater-works. A Avoir built aei-oss the cha,nnel of a 
etreain has in front, and ])arallel to its erest, a small conduit running 
along its front slope at such a level that wli/ai the stream is in flood, 
and therefore turbid, llie e.iseadl* from lln^ t»)p of the weir oA'or- 
leaps the eonduil., and runs down the front slope into the natural 
chaiHiel, w hich eonviws it to a reservoir for the supjily of mills; but 
when the (low is ir.odi’rati', the easv*;nh‘ falls mto the small conduit, 
which loads it into a feeder of the store n*servr’r for the supply of 
th(i city. 

The hori| 5 outal <listauee x to which a cascade from the crest of a 
weir will haf) in the eouisi* of a given 1‘all below llmt crest maybe 
thus calculated. The mean Aeloeiy vvioh which tlie cascade shoots 
from the Avcir-cnvst is neai'ly 

V- V S 025 Jh^ - 5 ;15 x//q ;■ (3.) 


hy^ being the height from tlie Aveir-erest to still w^ater in the pond. 
Then' , 
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465. Reservoir Walls. — Retaining walIs®aro often used at the foot 
of the slo])es of a reservoir embankment; they are of course to be 
built in strong and durable hydrsiulic mortar, c^sjiecially at the foot 
of the inner slope. As to their st:ibility and construction, see 
Articles 266 to 271, pn. 401 4 H). . ' • 

When the gorge to oe closed has a btittom of sound rock, a wall 
of rubble masonry, built in strong hydraiilie mortar, may witli 
great advantage, in point of durability, be .substituted for an eafth(?n 
embankment; and this is e.speciallv the cast- wlieri tiu- de)^th is 
great, such as 100 feet and ii]>wards. TTu* masonry slmuld bo 
built with great care ; and continuous cours(‘s sliould ))e avoided; 
for the bed-joints of such conrse.s tend to breome ehaniiels for the 
leakage of the water. In designing the profile i>f tlie wall, with a 
view to stability, .sfrengtli, and economy of imitmial, the follf)wing 
principles are to be followed; — 

(1.1 The inner face of the wall to be nearly vertical. 

(2.) At each horizontal section, tin* eenti'e of resi'^lance not to 
deviate from the middle of tlic thickiie.ss, inward wIkmi the r(‘.servoir 
is empty, oiitw'ard when full, to sucli an (*xtent as to produce ap- 
preciable tension at the further face of the wall. 

(3.) The inten.sityof the verti<*al prt‘sMire at the iiidei' face of the 
W’all, when the reservoir is emjdy, and at <he outer f.iee when the 
reservoir is full, not to e.xeeed a safe limit. That limit nay be 
estimated as nearly ecpiivalent to the weight ol'a e<.lumn f>f masonry 
— IbO feet high for tlui inner fae<‘,iuid about 12o I’eet high for die 
outer face; the reason for making the latter \alue the smaller 
being, that owing to tke batter of the outer lace, the ro.snItant 
]>re.s.snro may be considerably gieater than the vertical pr(j.s.sure,‘ 
es|»ecially near the base <)f the Avalh 

4G6. i4iik<* KmervoirM. — To Convert a natural la la* into a I’e.servoir 
it must be provided with a waste-Aveir, and with om* m- more outlets 
at the intended loAvcr aa^k ter- level, c<»ntrol]i‘d hy ' alves. Tlie out- 
let or outlets may be made either by building a eubei l Avitli pipes 
in an excaA^ation of .sufficient (h*])lh, or !)y tuumdiing through one 
of the ridges that enclose the lake. 

Section IV. — 0/ Nalimd muI A rtificial Water-Chan/wh'! , 

467, Survcyliiic niicl fjcvellini^ of Wnier-C’hnniielM. — The priiy?ip]es 
which connect the dimensions, figure, declivity, velocity of current, 
and di.scharge of a Avater-channel have already been I'ullx set forth 
in Articles 444 and 445, ])p. 073 to 074, ami AHich*.'^ 151 to 454, 
pp. 086 to 01)1. Ill tlie jirc.'.ent section are to be explained* the 
j^riiiciples according to Avhich such-channels, ^Avlu*thcr natural or 
artificial, are constnicted, preserved, and impjoved. 
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The plans of an or intended water-channel require no 

special reinaik lu v<»nd what lias already heeii stated as to plans in 
general in the tirsi, jt:irt. of tliis work, except tliat in the case of existing 
streams liable tf) f)v<'rf]ow th<*ir banks, they should show the bound- 
aries of vaiids liable to be th)oded, am^^also of those liable to belaid 
(unnsh {Ht'C Arliele 402, p. 702), and that their utility will be greatly 
increased by contonr-li»i(\s. Tlie longitudinal section should bo 
iiiadr along tin' eentro line of a proposed channel, ainl along the 
line <V/‘ the most ra|»i<l current in an existing channel; and it should 
show the h;\(d.s of both'banks as w(‘ll as those of the bottom of the 
chanmd, a ml of the surface <»f tin? current in its lowest, ordinary, 
and fIood<‘d comlitions. ft should be accompanied by numeroua 
cross-sections, especially in tlie casii of existing streams of variable 
Bcetions; and of ihosc cross-sections a s\i 11 icient number should 
extend c<»mpbd<4y acrr»ss the lands Hooded and awash, to show tho 
figure of thhir smfac< . 'fluy should include accurate drawings of 
the archwa\s, r«>adN\ ay.^, ami appioaeh<‘s of existing bridges, also of 
existing weirs and oIImu* obstructions. 1 ’l»e nature of the strata 
filioidil hc^ asccrtaimsl, as for any piis-c of earthwork, by sinking ])its 
and borings, and, in the case of an existing ehannel, by probing its 
ImiI loin also, i^id the residts shoidd be shown on the section and 
plan. 

I dS., ICeoffinie or Mliibilify of a IValrr-C'ltoiiiirl. — A water-chaniiel 
is said to b(‘ in a state of nyhnti or ufaoi/ift/ when tho materials of 
its bi‘(l are a!>le to resist the temh‘n«*y of iiie current to swi'C]) them 
forward, 'fhe following table show's, or. the anthoriby of Du iliiat, 
the gr(‘atest velociti(*s o/'flte cin'rent vfot>e f(> the bed, consistent with 
ttho stability of various mater ials: — 


Soft clay, 0*25 foot per second. 

Fine sand, 0*50 „ „ 

Coarse sand, and gravel as large as jreas, 0*70 „ 

Gravel ;is lai-g<»'as French beans, I’oo „ „ 

Gravel I ijich in rliameter, 2 -: feet per second. 

Pebbles 1 i inch diaimder, „ ,, 


Heavy shingle, 

Soft roftfe,* briek, earthenware, 

llock, Nai’ioiis kinds, 

i 


i 


400 „ 

450 » 

6*00 „ 
and upwards. 


a 

» 


As to the relation between tsie surface, velocity, tin* mean velocity, 
and the velocity close to the bed, see Article 44/5, p. (174. 

The condiiion of the channels of streams whieli have a ixicky bed 
is gefiernlly that of .stability. AVhen the bed is stony or gravelly 
the condition is mo#.t frequently that of stabilit}^ in the ordinary 
state ^f the l iver, and instability in*the Hooded state. 
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When the bed is earth v its usual condition is eithef pist stahh 
and no nwre^ or pernuinenthf unstable. The former of those .'ondi- 
tions arises from tlu* fact of the stream carryini' earthy matter in 
siisy)ension, so that the bod consists of ]>jirticles which ai*e just heavy 
enough to be dejK)sitod, and which any sliglit ii crease of velocity 
would sween away. * 

The bottom of a river in a permaneiitly unsta])le comlition j>n‘- 
Bents, as Du Buat pointed out, a s(‘ri<'s of li-ansverse rid‘'es,*each 
with a "cntle shkpc at the up-stn^am side ;ind .i steep sl*‘o.‘ vt tlio 
down-stream sidtj. TJie particles of tlu‘ ^ed an* roii' ^i by tho 
current up tlie gentle shijx' till they enjne to th(‘ crest of the 
ridge, whence they eventually drop down tie* slet'p sloju* to tho 
bottom .of a furrow, wliere they )>ecoiiu‘ co\ered up, and remain at 
rest till the gradual rom(»val of tlie whole ridiCi' leaves tlauu again 
exposed. 

Wlion the banks, as well as the bottom, a“e nintabli* the riv(*r- 
ehannel undcrgo(\s a ecuitinnal alteration of form and po-.ition. If 
the banks are sti-aight, they soon become cin'ved, tbr a \»‘rv slight 
accidental ohstach* is sutlicient to (li\(‘rt tlu‘ main current so that it 
acts more strongly on one bank tlian on theolliei*: tlM‘ loi itier bank 
is scooped away, and becomes <’oneave, and tl)e^vn llw matter sns- 
pend<‘d in the stream is dej'ositcd in the h ss iaj)id part, so as to 
make the op[)ositc haidv convc'x. A curved ]>aitof a ri\ er-e^annel 
tends to lH‘C(nue oontinually more and uir)r<* cnr\(M| ; fnr (h<‘ eiuiti-i- 
fugal f<irce (or latlier llie lemleixw of the particles ol \va,t<*’* to 
])i*ocee(l in a strtiighi line) eanses the ]>aiti<l(‘s of water to accninn- 
late towartls the, etuicave bank : the eun*ent. is euuse<|uently niorti 
i-apid there than lo^\al•ds the eoj)v(;x bank, ami it soo«)ps away bf)tb^ 
the bank and the liottoi.i (unless they avt‘ al>h5 to resist it), and 
do]Hisits the material in s(uue. slower part of tlie stieam : thus the 
line o/the stroufjest current is always imn’e circuitous tlian the centre 
lino of the channel; and the action of Ui(‘ current tends to make the 
concave banks more concave, the convex banks more, convex, and 
the whole conrse of the river more serpentine, 'fin's g«>eH ou until 
the current meets .s(uue material which it eannot sweep away, or 
until, hy the h;ngtheniug of tho conrse of tlie stream ap*^ tin* con- 
R(‘qucnt datteiiing of its declivity, its velocity is so much* ivdiieed, 
that it can no longer scoop uAvay its banks, ami staliility is estao- 
listlied. In some cases stability is novel establisluMl ; but tla^^'iver 
presents a serpentine eluinnel which e;uitinually changes its form 
and position.- 

One of the chief objects of engineering, in co:lIlecti^ o with the 
channels of streams, is to protect their lianks against tlui weswing 
action of the cuiTcnt, so as in some ca-se.s to givc^theni that stability 
which they want in their natnml conditio]*, and in other cases to 
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give tliem tiie a^lditiojialoStability tliat is rc<[uin*(l in order to resist 
an incr(ias(Ml \cloeity o<‘ current, produced hy improvements in the 
course and foj rn < 1 !' the cliannel. 

46!). proimion of Kivcr-iiankii. — 'File most efficient protection 
to the l),inks of a stniam is a thick growth of water-plants; but as 
these form a s(‘nou.s impediim'iit to the eurn •id, artificial protection 
must he siihstituted for them, at least below tfie average water- 
level. Abov(! that le,vel a )»lantation of small willows h>nn.sa good 
deferv^e against the* destructive action of floods; but it is nt»t appli- 
cable when* therti is a lowing j>ath. Tlie means of artificially 
))rot(‘cting riv(M*-banks may b(i thus classed: — I. Fascines. Tf. 
Timber sheeting. 111. Iron sheeting. IV^ Crib- work. V. Stone 
inteliing. VJ. lUitaniing ^^alls. VII. Groins. 

I. Fascinesj already referred to in Article 417, p. 62^5, are 
l)undh‘s of willow twigs from 9 to 12 inches in diameter: the largest 
are about 2() feet hmg, but 12 feel is a more common length : they 
ur<; ti(‘<l 4it every 1 leel, or thereabouts. For the ])rotectiou of a 
riviir-b;\nk Mom t/m /oir wati‘r4v.rrt an *‘aj>ron” «>r “beard” is laid, 
consist ing of fascines lying with tlndr hmgth iipand down the slope 
of the hank ; the npj»er ends are fa.stened down to tlie bank with 
«tak<‘s ahont l f»*..,u* feet ]<»ng; (he lower ends are sunk, and lield 
down under water hy l<».’<ling tJM*m with stones. To protect the 
hank ihovG t/m lorn uut(er-Ierel fascines are laid horizontally in la 3 ''ors, 
Avitli their butt ends towards the str<*am, so as to form a series of 
Btcj)s rising at llu* same raU* Wj\tli the slo]>e of tin' lower ]>art of the 
bank, or nearly so (say from 1 to 1 to 2 to 1); each layer isfast(*ned 
down with three rows of stakes 4 ft'ofc lony: the heads of the stakes 
•rise 8 inches or tht*real»ou(s a)»o\e the fascines, and arc laced or 

wattled with wieki'r-wnrk, so as to form a crib tor the retention of 
a layer of gravel. 

Fascines usually last 6 ye.irs above the low water-level and 10 
yeai-s below, 

II. Ti/nhrr Shedunj consist either of sliet*l-j>iles (already 

described in Artich' 104, ]). (iOo) or «>f guide piles and horizontal 
j)]anks, describt'd in Artic.h? 409, [». 6K5. The wales of the sheet- 
piling of* Mie guide-])iles of the })laiiking must be tied back to 
n.nc]:oring-]>lates imnh' (d' jdanks burictl in a firm stratum of 
earth at a snffieieiit distaiiee back from the bank. The holding 
powt,r f»f such anehoriiig-plates dep«)mls >11 the same priucijdes 
as that of iron anchoring^i»lates, as to which, see Article 272, 
p. 410. 

III. Jrosi Sheet i)}(j has already been described in Article 404;" p. 
600. . 1 1 is sometimes used for the faces of quad’s in navigable -Vivers, 
being tit'd back to Liichoi-ing- plates. (Article 272, p. 410. 

ly. As to Crib'Work^ see Artich' 409, p. Cl 4. When, used for a 
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quay or river-bank its interstices are rijinraed full of clay and 
gravel. 

V, Dry StOiie Pitching is usoil to prt)t«*ec eartlioii banks, of slopes 
ranging from that of 1 to 1 to that of :! to 1, or llattor. It consists 
of stones roughly squared, con^l laiil by liand in courses. Its thick* 
ness is usually from 8 to 12 inehes at the top, and increases in 
going down at tlic rate of 2 or 3 inches })cr yard. The foot of tho 
pitching must abut against a fouinlation snilieieni to ]»revcnt it 
from slipping. Such a foundation may be made by row 

of oblong baskets, each containing abmit 2 cTibie yards ui ^nivel, or 
by driving a row of piles with horizontal wales at tlu' iniuM* .side of 
their heads; the strengtli of tin' wale.s is a matti r of ealeiilation ; 
tlicy liJive to r(isi.st a inaxiimnu pressure =- weight ef ]»itchiiig x rise 
of slope -T- length of .slope, tin* friction of th<‘ jiitching on the 
earth being neglecttal for tlie s;d\<- of seeiirity. 

VL Retaining Walh arc used chietly win iv quays aT-t* required, 
and will he again nnuitioned further on. 

VIT. Groins arc .small dykes proj(*cting at right angles to the 
bank to be protected, and arc made eitlua* of lnn>^e stones, of pile.s 
and planks, or of wattled stake.s. K.ach gi*oin protrets a porti«>n of 
the hank of about Jive times its own length, and#x.su.itly raiist‘s ilio 
current that sweeps round its point to ^oo»»p oiil an excaval ion in 
the bottom <)f the ohaini(‘l of a brea<hli equal to about on(‘-r 4 na]’ter 
of the length of the groin, the material scooped out being depo'sited 
in the space between the groins, tboins, Ix'sides being an ol' ruc- 
tion to the curnnt, are injurious t<i llu' ngul.irily of ligui-<* and 
stability of thci hottiun the channel, ;uid sho\ild only br iise<l a.s a 
temjjoravy expedient to protect the hanks, until ^\orks of a better, 
doscrijjtiou can be completed. • 

470. ImproTcnient of JBlFcr-OhannclM* — The defects in a river- 
chaimel which are to be reiiuwod by iinproveiiuMits are usually of 
the following kinds: — The cliainiel may he too shallow, either 
generally or in particular places; it may be too nanow. either 
generally or in particular jila<*cs; it may even in ]Mrti<adar jdacos 
be too wide, if the breadth is so great as to cauM* tlie foiniation of 
shoals by enfeebling the curr4*nl; its dtelivity may too Hat, 
either from the existence of cih.stt cle.s, such as .shoals, islands, 
ill-constructed bridges, or the like, or from its courst* being too 
circuitous; occasionally, but rarely, tlio declivity liiay be too#stecp 
at particular place.s, giving rise to a current .so rapid aj to make it 
impossible to praserve the stability of the bed ; but tliis defect 
generally arises from the declivity being too flat 4‘lsewl.»^rc; it may 
contain sharp turns, injurioii.s to the stability of the banks; .it 'may 
be dirided into branches, so a.s to enfeeble the •urrent. 

Setting aside for the prese^nt diversions of Ota course of a river, 
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wliicli will 1 h‘ in the iifxt urticl*!, the works for the 

improvoinoiit of llir clumiiol consist iimiiily of ; — 1. Excavations to 
remove islarnK jhmI shoals, find wiilon iiMiTow places. II. Regulating 
(;h, (o coulracf u i<]c shallows. 111. Works for stopping useless 
branched.. ^ 

r.clorc conjiin*iicing alterations of any kiinl in a rtver-chaimel 
caicful calculations should be made, according to the principles 
c\plairu <l in Section J. of this chapter, of the ju’ubable clfoct of 
Mirli viltcrations on llic level, (hvlivity, and vfOocity of the curicnt 
in diH'crcnt slates of the i-iver. 'flic object kept in view should be 
t<» obtain a (‘hanned either of nearly uniform section, or of a section 
gradually <‘nl.Mrglrig from abovt; <lown wanks, with a current that 
shall bo sutlieii-iit to discharge llood-walcrs without overllowing the 
baidts more than can be avt)ided, niid at the same tiiiKJ not so rapid 
a.', to make it dillienlt or impossible to ])res(irve the stiibility of the 
elian)u‘l. 

All impn»N (Miu iils of riv<*r'cliainu‘ls should be begun at the 
loNMst. point to l)e allere<l, and eoiitiuued upwards; because every 
improMum'iit lukes elfeet on llu‘ ]Mirts of the stream above it. 

I. under w.der, I>y hand dredging, machine dredging, 
and blast mg,*iias ^*'een deseri})(‘(l in Article 410, p. tiI4. When the 
current is .it a low level, it m;iy <»eeasiona]ly be advantageous to 
exeavjcfte parts of tin* IhmI by enclosing them with tem})orary dams 
as if for foundations (Article 4t)0, p. Oil), and laying them dry. 
Excavation of a luuddN . saiidy,<or gravelly bottom, by the aid of the 
eun*ent., is perl'orined by mooring at the place to be deepened a 
boat, furnislied vvith a transverse ])rojecting frame covered with 

vlMuirds or canvas; this frame deseernks to within 3 or 4 inches of 
the bottom of ibe ebanmd, ami the current, forced through that 
narrow o|u'ning, scoops tint tlic* material and sweeps it aw'ay. From 
30 to 7t^ cubic y.iids pur day have been excavated in tlus maimer 
^ ith a single boah 

I I. Hiuiulutlinj should be adoptial with gre;it caution, and 

only where the excessive width of the cJianuel is an undoubted 
cause of shallowness. They should not in any case rise much 
above ibd low water-level, le.st they contract too much the space 
fojf flood-waters. Tliey may bo k^iilt either of dry stone, with a 
slope ol‘ about 1 to 1, or of wattled piles and gravel. The ordinary 
rules** for the construction of dykes of the latter kind ai*8 as 
follow's : — The ])iles in a doifble I’ow’ to be driven into the ground 
to a dej)th equal to twice the depth ofw’aterj their diameter not 
less than 1-t’Oth of their length ; th<‘ir distance apart longitudinally 
to ho equal to the depth of w'ater; the distance transversely 
h(‘iw'een the rows^of ])iles to be once and a-half the depth of 
wate^. They are to be tied together transversely, and wattled with 
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willow twigs, and the s[»;ice between the two n)ws filled with 
gravel. 

III. The Sfoppiny of Branches should be porfoniKjd at their 
upper ends. In a gentle current it niav be etlected by nnians 
of an erubanknient of stones^and gr.ivel, .idxaneiiig siinult-aneously 
from the two banks until it is (dosed in the cenlnf; in a more 
rii])id stream a dyk»^ of wattled piles and gra\» 1, made as already 
described, may be used; slumld tlie curriait be to(> strong lor (‘Ithor 
of those plans, a raft, boat, or e.iisMin (Arliele 4()I», l>i\ 
j). 613), or a crib-work dam (Article 10!^, 1 )iN ision J \ , p 614), 
loaded with stones, is to be mo(»red across flic stream and sunk. 
The branch chanmd liaviiig had its enirent si(»pj»ed will silt up 
of itself 

471. Div«*r«ionH oi‘ l€iv<‘i'-riiiiiiu«‘i*t art' n'^n illy ailopti'd fei' the 
purpose of r('nd(Ting the eours*'. eircnitou''. In desii^ning them 
regard shoidd be Inul to the ]»rineiples alreads e\j»laine(f in Sccti<»n 
I. of this chaptt'r, and in tlu* pn'ceding ai ticdfs of this seelion , and 
care slionld be tal\<‘n not lo mak(; the course tnt) direrly lest the 
current be reiulcred too rapid tor the stability of the bed. A 
slightly curved eliainud is al^^ays lustier tb.m a si iMii;lil elianmd; 
because in the former the main current lakes deniiih- course, 
being always nearc'st the ronca\<* ii.ink ; whereas in a straight 
cliauuel its course is liable to k(‘ep emit mii.dlv <*hani:iie_r. * 

The form of cross-section with a hon/onbd and slojiing sides 
wliich gives the least friction with a gl\i ii ai'ia lias ; beady been 
described in Article dol, j». and it may be adopt e<l if the 

Btivam is to act solely as a conduit for the eonveyanee of water; 
but should it be navigable, a figure, must be ado|)ted suited to the • 
convenience of the navigation. This will bi* further considered in 
Chapter III. of lliis ]»art. 

472. A Weir is an embankment or dam, usually of stone, sonn*- 
tinies of timber, constructed aemss tin; cliannel of a str-eam. As t‘> 
its effect on the water-level, .see Articles 4o2 and lod, pj;. OcS!) 
and 690. 

When erected for purposes of water powt'i* or w ati r-snpply, tlie 
object of a weir is ])artly to mak(* a small stoic n s'^rVoir, but 
principally to prolong a bigb t-ij) water-level from its nalarjil 
Bituatioii at a place some distance u]3 the stream, to a place where 
water is to be diverted from the stream to drix'ti niacliinery, (A* for 
some other purpose. When erected foi*purpo.se.s of nax igation, the 
object of a weir is to produce a long reacJi or pond of dei.p and com- 
paratively still water, in a place wliere the river i.. naturally 
shallow and rapid. * 

In planning a weir three things are to Ikj aDusidcred : its lino 
and position, its form of cro.ss-st .^tion, and its construction. 
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I. Lims arul Positioii^of a WeAr . — It is host to avoid slmi'ply 
curved ]»avts of a rivor-cluinncl iu cluiosing the site of a weir, lest 
the rapid c’.inc iil which rushes d«»wri its face iu times of flood 
should nudeiiiiiiifi the concave hank. For tlio protection of the 
banks if. any caM*, it is advis;ihle to hnni tlio weir that the 
eascadt^ from tluj lateral parts of the crest shall he directed from tho 
hanks, and to^\ards the centre of the channel. This may he effected 
eillH*r hy making the weir slightly curved in ]ilan, *•. i^h the con- 
cavity at tin; down-stream .side, or hy making it like a V in ])lan, 
with the aiigh* pointitig up stream. Another mode of [irotectlng 
tim hanks is to niak<‘ the crest of tliti weir slightly higher at tho 
ends than in tln^ middle, so that tlie lateral parts of the cascade 
m;iy he too feelde to do daniagt*. 

In order to <liniinish the height ;ind ext(‘nt of hackwater during 
floods, th(‘. (Test of the weir is often mad(‘ (Considerably longer than 
the breadth of the ( li.'imel; tliis is cileeted either by making it 
cross th(' eliaimel ohli(juely, or by using the V-8hai)C already 
d(*scrih(‘d, tlie. latter imlliod lieing th(‘ best for the stability of 
tlni hanks. The pi’aetical ad\anlag(' of siicli increased length 
is (louhtfni. 

n. C,rnss-sK<‘ft<»i. — Thi‘ hack or up-stream side of a 

Weil* is usually .strep, ranging from V(‘rtical to a slo]>e (.)f about 1 to 
1 ; the top is eitlier level or slightly (;onv(‘x, and not les.s than 
uhout 2 or feel l»road. In designing th(‘ front or down-stream 
8h»|)e of a w‘ir, the principal ohji'ci is to ])r(‘vont tlu* cascade that 
laishi^s ov(‘r it from umh'rinining its base, 'f he commomist nn^thod 
is to use a long ilat slope of 3 to 1, 4: to ], or o to 1, in order that 
the sixasl of the eurn'iit may ho dimini.sh('d by friction, and that 
it may sirike.the bottom of the (‘haniiel Very oMi(pu*ly. A Airthcr 
protection Ls gi\en 1(» the river-bed by eoutinuing th(' front slope a 
sliort distance below the bottom of tie- channel, and tin'll curving 
it slightly upwards, .\nollicr nn'tlmd is Ui raak(^ the front of thcv* 
weir pirsiMit a st(‘cp <»r m^irly virtieal face, over 'vvliich the water 
falls on a nearl\ level a]»roii or piteliing of timher or stone. 
.Vrobably the best m('tln»(l would be to form tlie front of the weir 
into a .st'res of .steps, ])r(*seiitiiig stee]> faces and tlat platforms 
alternately, tin' gein'ral inclinatMm being alionj 3 to 1 ; thus a 
great fall might In* broken up int(' a s<*ries of small falls, each 
inca[ able of djimaging the ])latform whi('li reot'ives it. 

TIT. Cotisfmrt'um. — In (..der that the water of the pond may 
not force its w^ay under the base of a weir, or nmnd its “ roots’* 
(as the eiU^'s which joir the banks of the str(*am ai'o called), its 
fout^dgtion should be examined, chosen, and fornu'd with precaiition.s 
similar to tiiose tired in tin* ea.se of a reservoir embaukmont| as to 
whicji, see Articles 4(51 and 403, pp. 701 to 704. 
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To make a weir of timber^ or of timl'er, Htones, and clay com- 
bined, any of the methods ma} be eni])loye<l wliich lur.o been 
described under the head of “l)inns,” in Article 401), Divisions 
IL, III., and TV., with the addition that the back, crest, and fi-ont 
of the dam are to be cove^vd with ]daiikin*; LnM pamliel to tln‘ 
cniTcnt, to form an overfall for the water; and that the bottom of 
the channel at tlie foot of tlie weir is to lx* jiroUrted either hy a 
jdatform of planks resting on a timber grating or on piles, o!* by a 
stone pitching. / 

A weir fascines may be built of lioriz)nt:d layer.n of. fascines, 
Ptaki'd down with mixed clay and gra\el paeke«l betw(‘en them, in 
tla* manm‘r.<lescrib«*d under tin* liead of tin- protei'tjon of I'iver-b.niks. 
Aitiel'e 4ti!), p. 71t), the crest, front, and fuji of the dam bi‘ing pro 
tected with an apron of faseiiies, like that described in tlie same 
article. 

A ihy stone weir is formed like the atone c^nbaidviin'iits 
menthuied in Article 41 p. f)17, with a stee]) slope :it the 
bank and a long gentle slope in front,, jiileheil or faced with 
roughly squared stones .set in courses, as in tin* pitc-hing of a 
r^’er-bank, Article 4Glt, p. 71). Soinelimes a skeleton crib of 
timbei*, con.sisting (»f piJ<‘s and longitudiiail aiwl ti’ansverse hori- 
zontal wales is constructed in order to keop the stones <il‘ the* 
jjitching in their ])laces As to the jaissure against th*‘ longi- 
tudinal wales, se(‘ the ai tiele just quoted. 

A weir of .W/V/ max h<-'fuumled, like* othcu- st j-ii-'t iires 

under water, on the natural giouiid, on a hed of eonei'eie, on a 
tiiuher platform, or <iii pih-s, aceonlmg to eireiinii-laiKs-s. (Soe Part 
11., rjiapter VI., S«*etion II, p. tjol ) Wlien it has a liming 
foundali(»n, a row of sheet-piles at tlie liase of tlie up-slr(‘ani side 
will in general be neeessarv to pre\ent the pa -sage r»t watei under 
it’; ami in the gi’ating ef tin* platfuiin, pieet s t)f tiinher running 
continuously through the v\eir in the dire<-tion cjf tin* stream 
slnuild be avoided, lest tliey slioiiid <*oiifluet wafer along tin ir 
sides. Tlie masonry should he built m << iii<ni, ni* in quiekl\- 
settiiig hydraulic inorlar; tin* lie.-ut of tin* weii* ni:t\ he (4‘ rouiM-d 
rubble, or of concrete laid in layers; hut the taenig, llnadd he of 
good block-iii-course, or of hr'nnn‘r-du*>sed aslilar, and tie* cr'^'^t * 
sliould form a cojiing of large stoms, all headers, ilowclled to (ael- 
other. ^ 

One of the most effectual ways of ^^re^entiTlg filtraiioii roinid the 
“ roots” of a weir is to carry tli<*ui a <*onsiderable distan< < into the 
bank; but in tlio case of a weir of masonry the ci ds olten aliui 
upon a pair of side-walls, rniiniiig along the banks of the sticauj, 
land hanng counterforts bdiind tJieni to intejfrupt lillratifiji. 

• IV. Apijenchiyes of a If V * — Sluices and Flvodyalts — Salnion- 

:? A 
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etair , — Whon a w«iir is across a navi^ablt; rivor, it rec^iiirca a 

lock for th«* of vessels^ wliicli will bo again mentioned 

fnrtlier on. It, ni-iy iiavo one or more oulh'ts witli valves, like 
tliose <»ra n;s< rvoir nnbankimmt (Article 161, p. 70>5), according to 
tin* piii'jMi^o for wliicli it is iiiteridoil. 

It, i'i ;i]nio,st M I ways lu'cessary to pi*ovide a weir with waste- 
>^]iiicts iM- llorKlgatrs, t(» bti f>p<*iHid when the I'iver is high, in oisler 
to |ii'e\enl, loo great a rise of backwater. A sluice i.' r» sliding 
\al\<‘ .oi’ timber or iron, moving in guides, Avliich •»re in general 
vei tieal, set in a r(‘elangiilar passage* r>f tiniber or masonry, and 
opened and shut by means of a screw^ or rif a i*aek and pinion. It 
is advisable not U) makts any sluice Avider than about 4 or •*> feet. 
Sboiild a greater Avidtli of o}iening be r(*quired, the passage through 
tin* weir is to be diviihsl by walls or j)iors into a siillicient number 
of ]»aralh •1 passage.;, eaeb furnished Avith a sluice. As to the dis- 
elnirgc. tbnmgli a sluice, s«*<* Articles 4‘IS, 440, ]». 081. 

An»>llicr modi* <if op(‘nlng and closing fl»»r)dgatoa in a weir is by 
means of nm//es*, as they are <*;ille<l. A reetangular channel 
througlr the weir is ei’oss(*<l at tin* bottom by a lixed timber sill, 
and iM'ar t he top by a inoveabJ(‘ titnlu-r sill, r(‘sling in two notche.s. 
Thr streiigtlrof ti/<' sills is a matter ol‘ eahailation : tliey liave to 
Avithstaiid th<‘ j»rt‘.ssure of the Avat(‘r on a tiat surface closing tho 
passage That surface is made up of the rn^edlcs,” Avhich are a 
set of square bars of Avood .strong enough to Avithstaiid the pressure, 
wliicli are irngcd close iogethc" side by si^\^ in a veitical position 
at tin* iij)'.strcam side of the sill.s. l^ach lu'edle has a cylindrical 
handle at its uj)])or end, to hold it by in rei.io\ing and replacing it. 

^ As to arJj-acli ti(j wa.<fe~shiire3j sO(i A Maimed n/ the tifeani Etiyine 
and otiu'r Prime Article ^31), ]>. 1,‘»3. 

A Aveir aertjss a rivi>r fVt'qmmied by salmon reejuires a jiassage or 
channel to <*nable tho.se lish to aseeiul its front slope. Mr. »Smitli 
of l)«*anslon introduced tln^ praetiee of making that eliannel of a 
zig zag form, so as to reduce its rat<' of d(‘ebvity and bring the 
spi'od of tin* eurrent in it Avithin nioderab' limits. 

A inoindifr in^lr eunsists in general of a water-tight planked 
timber gate,,,])lae('i] in a reetangular jias.sage of masonry or timber, 
am j^, c-q>able of turning iquui a hori:-ontal binge at the Hour of the 
passage, .so as to he either laid flat avIu n the eliannel is to be left 
clear, •*!* set at any re<piire<l angle of elewitioii, slojnng against the 
declivity of tlu* stream, Avilh AibJique .'-'tnit.s to prop it at tlic doAvn- 
streani side. In one ingenious raodillcation of thi.s weir the duty^ 
of tlie struts \s ]H'rtbrined by a .s»*cond and smaller gate, also turning 
on a horizcuital hinge* at the floor of the }>assage, but :o as to slope 
tcith the stream. Wlicii tlie pas.«j.agc is clear, both gates lie flat in 
a hori^.oi:tal recess in tlie floor of die passage, the smaller gatf 
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OTidermost and the upper surface of thtv larger gate tlush witli tlie 
floor. Wlien tlie weir is to be raised, water i.s admitted thi.uigli a 
valve and culvert from tlie up-stream side of tlie weir passiige into 
the recess lielow tlie gates; pressure lifts tliom botll until they 
form a weir of a triangular^seelion, tlie larger gate ma'A'ing the up- 
stream slope and the overfall, and the .smaller making the down- 
stream sl(»pe, and acting at the .same time as a strut to prop the 
larger gale. When the weir is to )m; hoM i-ed. Ilje mass (»f' water 
contained below the gate.s is allowed to » s, .tpi* by i*jn i..iji:. i \aJve 
in a culvert wJiieli ]ea<|s to the down stre.ne .side of th* w> ii*; and 
both gates then J'all llat into tin* ieeos>> of the floor. 

47*). Ifilvrr — "fhe <‘on''l met ion of' tin’ lonmi.ilions on 

land and in wsiter, ami of the .snper--t i m I m e>, of bridgos of x.n itm.s 
materials hLi\ing been t’.xplained in Pari 11. oftlil. work, and iheir 
adaptalhai to roads and railways in flie prts’eding ehajiler, it is 
Iiow orly necessary to .state lho.se prineijiles which are s]»eeially tip- 
plicable to bridges over rivers. 

In elioosing tlu; site of a bridi»<' wlii<*h is to liave piers in flu; 
river, sharply curved parts of the ehannel should be avoided, lest 
tlic increased rapidity of the current caused l>\ f he nanowing of 
the water-way should nndeimine the «Mmeave I'.Hik. 

The cuiTcnt should bit (tosmmI at ri.ghl angh'^, m* as nearly .so juj 
]iraeticabl<‘. ^fhc! abufments .‘'honid not coni rvn’t (he w .i(.<*r,vvay. 

The j»ier.'», if any, should siaiid with their lengih exaetly in the 
direction of the. cuin-Mt, tia-y sfn^mld have pninlcd >r ejhn Iriml 
cutwaters at both ends, to diminish (he rvl)slrm-i ion to the eurrenl 
w'liicli tliey produce; aad tiny slmuhl be no ihickn- f.lian is neces,- 
Ki.y for the safety of the bridge. (As to stone pier.s in parlienhr*> 
see Article '2\)o, p. 

'fhe springing of th** arche.s should be abovi’ tin* highest ordinary 
water-level, and as much higher as tlie conv j'liience of the navi- 
gation may require; and care .should be taketi llmi ^nllieientvv'ater- 

■way is ju’ovidcd foi- the givate.st tloofls. "fhii eiovv n ol tin* lowii.^t 
arches should be at lea.st three feet above the flood levi 1, Miat tliey 
may allow floating bodies to pu.^s tluoiigli. 

It may hero be olx-eevcil that tiie tiguie <il‘ aich whh: i gives the 
greatest water-way for a giveij ris'- and span i.s the “ liydr 'st/itic 
arch.” (yee Article 2{^3, p. 11 h.) 

• In trder to do avvfiy as f.ir tt-s vjin llio nUstruclion occasioned hy >n« iis. 

it lias been proposed by lluf:h Mackenzie, h-q. of Ardro-).s, that in tiio.se* crises in wbicli 
the fall of the streani h sufficiently rapid, and thc<y»uiilry in other rc.\ ects suitable, the 
diversion of vrater from a .stream for the piirpoi^e of obtaining: power sl.'Hild he j‘P«-ctcd 
by making a tL.iiHl with suiialdy formed /;raied npertuies in its roof, iinuer the bed 
of the stream, at a point when* iis water-level haa sulTicienl clevalioii, and sc conduct- 
ing the water into a milblead of .sufficiently large si'..cand im»lerutc dc’clr. ily. 
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Should it apjx'Jir. upon sjin oxamiiiatioii of the land subject to in- 
undation Jit Jiinl n«ar tin*, site of tlie intended bridge, that such 
laud acts not iiifroly as a reservoir for jlood-wjitcrs, but ad a wide 
temporary cljaniM l for tlieir discharge, that land should be crossed 
J>y a vi:nhu t, and not liy embanked approacht's. 

In designing a bridge for carrying an ordinary road o\cr a river, 
it is usiijil, in or<Ier to obtain tin; great<‘st hesidrooni possible con- 
sisli-nV with economy in forming the approaclies, to give th** road- 
^\ny iisceiit from the ends of the iipproiitdies to the middle of the 
bri<Igc, atarat(‘ not <!\eceding the ruling gradient of the road; and 
to suit the arclu's, when tlieni are more than one, to the form of 
the roadway, tll<^ ceiitrii arcli is mad(‘ the Lirgest, and the others 
gradually tlimiiiish in size towards tin; ends of the bridge. • They 
shoidd, !it tlu* sam(‘ tinu', be so proportioned as to exert as nearly as 
possible (Mpial iiorizontal thrust. 

Swing lu'^dgcs for .cu igahle riverfl will be again mentioned 
further oil. 

/rti hmilr.rH arc ii'ipurcd tor the [U‘ot(.‘ction of tlie piiira of bridges 
across rivers wliiidi hi'ing down large inasst's of iep, 

A iitoiui 'irr-hmt/,rr usuall\ forms part »>f the up-stream cut 
wah'r ol‘ the •pier.j,o whieli it belongs, j>r(‘.senting to the ciirn'iit a 
riilge sloping at about I.V, ni) which tlie Hat shetits of iee slide, 
and liryik jisiimha’ hs tlieir own weight. Examples of such ice- 
hrejikers jire sliown in I la* \iew of the Vietoi'ia Jlrhlge, lig. 211), 
p. odd. 

A llmher ice-hrnfbir stands usually st*]>arate from the jiier which 
it protects, at Ji .sliort distance up-'-tream.,. The sloping ridge is 
formed by a beam of 1 2 or It inelu'S srpiare, covered with slieel 
iron. Its base consists of pih*s, [•angl'd in'lhe form of a long sharj> 
triangh' with tlie point up-stream, eonneeleil with the ridge by a 
stixmg framework of uprights and diagonals, whicli are proteeted 
against the ii'c by projecting lu»rizontal wale. 

(On the subject of riNcr bridges, see Ti'llbnVs and Smc‘atou'‘>i 
/oyve/’Av, and tlie work O/t //r/f/y/-w by ?dr. lloskmgand otliers). 

171 . AiiiAi'iiil ^VutcT-CiimuM'iM — €'oniiiiii«i> — In laying out and 
designing li-rjilieial w ater-i'liaunels it is ad\ is:ibh', if possil)le,*so to^ 
tix^ tj‘e declivity witli ivl'm-enee the length, that tlie velocity 
shall not be less Ilian about one foot ui'r second (lest the conduit 
hilt u^i), nor greater than abtuit four teei per second (lest the 
current should .sw(‘e[> .stoiit's .«long, and injure the bed). 

As to the largi'r-sized artilicial water-channels, and as to those 
of all si/e.s which arc incr<*ly to he iisi'il as opi'ii drains, when they 
arc wholly in rutting, it is unneces.'jary to add anything to what 
has already hei'u st^'teil respecting rivor-ehannels, and especially 
ix'.specting their divoi-sions, Article 4i7 1, p. 713. Artificial earthen. 
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channels in cMiibankineut will be coirndertd under the head of 
canals. 

When a channel is to coiiv<*y water for the sui)i»ly of a town, it 
is usual, with a vie,w t(» the clearm-NS and ] un ity of tlie water, as 
well as to the preservaii<j^i of the channel, to line it flirongliout 
witli brick or st»uie built in eenieiit ; and in most eases it is neees- 
saiy to cover it also, i‘sj)(‘eially if it tra\frses disti-iets where the air 
is smoky and otherwise impure*. \Vla‘n briek or pnroiis .slom* is 
used, the water-way may In* lined tlirm^L^dioiit wit!i a n^tin^ of 
Comc‘nt, ealeai-eous (u* asphaltie. 

'File water-way <if a sfattfi or //ro*/* rtHtt/nit slandd be made* of one 
of those forms wliicli the m'ealj st b\dranlie mean depth tm- a 

fif^ure (»r yix'eii elass and a ^i\i*n that is tn say, tin* semi- 

eirelc, tin* balf-s<juare, (u* the l»idl-lie\aLi- »n, alrea'ly refeired to 
in Artii’le -loi, j», OSiS. "Fo jireseixt* a <*onsfant ^definite ilow 
it may have a st‘ries <if waste- weirs al<»n^^ its s’^les, placed 
in ])ositions wIk'h* there are eonvenient elianin'ls at. band for 
discharging the waste water. Slnudil it b(‘ ne(*essary to eairy it 
along an embankment, that einbankniefit slnndd lx* foi'nn‘fl in tliiii 
l*jyei\s, (*ach well rammed, and should if possilile contain a laige 
Uiixtiiro of stones with the c*arth; tin* br<*.idt li *.tt tlie loj) slionld Ikj 
from 4 to (5 teet at <*a<*li side <if tin* eondml, so that tin* total 
hreadlli at tin* brink of (be e<mduit will lx* l»r(*adlli of wat<*r- 
way -j- iVtun to 1- feet, an<l tin* ma'^onry of tin* eomliiit sli^add 
be imbedded in jniddle or in liN<b iidie eom i^ le. 

The b(*.st form tbr a mrrrrf/ cutfhul to ei)ii\e\ a < onstant flow, as 
for tin! su]»pU of a l<*wn, is e\ limb ie.d. 'Fo coi.od it against fi^^t it 
should be coni]ile((*l\ eovei*ed with <artli loiln* d«*jilli, in Ibitain, 
alxmt il feet, tin* bank Ix'ing lae<*d witli sucI.n. \Vln‘n it forms a 
tunnel, or is jilaced in de<*p cutting and C(»\('r<<I with earth, 
its strengtli is regulated by tin; }»rineiplcs of Arlii’h* A, 

]). 433 . 

One of the largest cylindrical eomhiil" yet ( xeeiited js lliat of 
the Locli Katrine Water- \\’<»rk.s, Jiet in dianiet» r. 

A covered conduit sliould he pro\id<d. like a tunnel, with 
grated ventilating shalis, which will .d^o serve; to irlmit men 
for the purijose of repairing it. 

When th(‘ flow* varies very mm-h, as in siwver.s, an egg shaped 
section with tlie small end down is |»referr(*d. 

A recent invention in conduits is that of Mr. I{ich;n*d-'on, in 
which a cylinder of sln*et iron is lim'd w ith brickwork In c**ment. 

It is suitable for making large conduits posw*s.sing groat .strength 
and stability with a moderate quantity of materials. 

475. Juncilona of Wutcr-C'hnnnc'lH. — I»i ah cases in W’hicli a J>air 
of water-channels join together into one, their centre ^bies, if 
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hLoiiU !)#• u pjiiv <'f curves, or a curve and a stmiglit line 
toucliiiig eacli oIIm j’ at the junction; or shouM an angle at the 
‘junction he unavoidahh*, Unit angle ought to he as acute as 
j)o.ssihl(*. 'J’his priFicijdci a^Fplies also to tlie dictivyence of a branch 
i'roiii a iinoii cluHinel, aii«l to pijws as well as to free channels. 

yi<|iir<iiici iiriiiffrM iliUhr from viaducts only in supporting a 
vv.ilcr-coiiduit instead of a road or a railway, aial the nicchanical 
priricijih's of Ui<‘ir construction involve nothing that has no! hcen 
ah I ady' “\plained in the Sectnnl Part of this treatise. 

'flu; watiT conduit oi* frongli is usually of tlio same material with 
the rest of tin* structures Por <‘xaniph‘, in a stom^ aquediurt the 
conduit is of masonry, iniheddc<l in a mass either of piuhlle or 
ol* c«incret(^, re.sting on tin* arch and contained hetw(*en the external 
spainhil walls. 

I n snine recent. • xaniph s of wrought iron a<|ueducts introduced hy 
Simpson,’ tlic w.itcr‘clianin‘1 has hcen made self-suj)porting by 
constructing it as a plate iron tubular girdc'r of oval section. In 
this ea'^ethe iiileriorot (he ttihe >hoidd lu* smooth, that it may otTer 
no imp(*dini<'iit to tin* <‘nrr«’nt. All stilfcniug-ribs, ttc., 

should piojcct (Milsidc only. 

Pipe'a(pieducls W’l) he mentioned further on. 

ATT U'lifci • PiiM*.**. — 'riie diamet(‘rs of water-pipes are fixed with 
reference to tin* sirtnal di'clisitv and tin* intended greatest dis- 
charge, according to the rules »‘xpl;nn(‘d in Article 450, p. 681. 
The materials prineip.dly used in making pipes for tlie convoyanoo 
of large <|uantities of wat<*r are can lien ware and iron. 

I. J'Jifrflif'iitntre are of various qualifies as to tc.xturc, from 

a* porous mah'vial like that of red bricks, to a liard and compact 
material, which is gla/cd to malv** it. water tight. They arc made 
of various diamcteih, from U incln‘s to nearly feet, and in lengths 
of from I fo<»t to *» feet, 'file harder kinds liavMj considerable tenacity, 
and are capahh* of hearing tin* ilead pressiiic of a high column of 
water; hut they an* so easily hr* »ken by sharp ^ 'lows and sudden 
shocks that it is not advisahh* to exjiosc* them to high pnjssuros in 
situations where their hm-stiiig might cause ikuaage or incon- 
venience. '-lenee their chief use is as 3'ma/l corcred co)iduiiy ioT 
purpj' cs of diainagt*. 'I’heir joints are most commonly of the 
spigot and faucet form, being made tight, if necessary, with cement, 
or witiKi hitiirniiious mastic. (Article 2^11, ]». d76.) Another form, 
very usi'ful to facilitate laving'aud lifting is the thimhle-johit. 1’he 
lengtlis of pipe are plain hollow cylinders, and the thimble is a 
ring cmbracir.g and loosely iittiiig the adjoining ends of a pair of 
lengths,. SouH'times the thimble is in two semicircular halves; 
and sometimes «*aeh p'pe has on one end a half-faucet, which is laid 
downwards; the end of the adjoining pipe rests in the half-faucet^ 
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and the joint is completed by a half- thimble above. Curved and 
acute-angled junction-pieces are made so also are right-angled 
junction-pieces; but these last shmild n(*ver he used. 

II. Cast Iron Pipes should be made of a soft and tough quality of 
cast iron. (See Article 33, *1, p. (h-c'.-it ath ntion s|;ouldbe paitl 

to moulding tht‘m correct W, so that the tJiiekness may Tie exactly 
uniform all round. Kaeh pipt‘ .should lu* tested for air-hubbles and 
flaws by ringing it with a hamm(‘i\ and for strength by exposing it 
to double the intended greatest working pr«‘ssure. 

Cast iron w’ater-pip<‘s art? made' «>f \ai* ms di.inn tc. «»y bores, 
from iJ inelies to 4 feet. 

They are usually Jiamlded and r.i'-t h'tri/<»nlally, tin* sand eor(‘ 
being supported by a .strong h«»riz(»n1al l)arwilh projirl ing tet‘th ; 
but advaiitagi's in jioint of aeeuraey .and ^oundne^s .iie possessed by 
the j)roee.ss of easting tlieni \er(ieallv, the ta ueet, being turnetl 
downwards, and tin* ]»]ain einl upwards.* The pi]H‘ is east with aii 
additional lengtii at the npjM-r eml, whieli aels as a ( \r( iele 
3ot, p. .003), enmpres.sing the mass ladow', and n'ceiving the air- 
bubbles; this heMtl is afterwards ent oil* (fc?i‘c j). 703.) 

The rule for coinjailing tlie thiekne'-'i of a pipe to re.^^isl a gi\en 

working pr(‘s.snre (tli<‘ factor ot’ salely being .s//) Iia'^ ab*eady been 

given in Arti<*le 130, (‘(piatioii )►. 2’JS, I he* pi essure and tln^ 

tiJiiaeity of the iron being expre.ssed in p» r sipi.irc' in«-h ; but as 

it is more coin (‘iiieiit to eNpre.ss those (piantitn:s iny^W n/‘/vv//'r, the 

follow ing j‘id(‘ is gi\en : — 
o 

tljickne.s.s gK'jiii-st w taking jin'ssnrt* in feet of water . 

diameter ”” 12,000 ’ ^ ' 

There are limitations, h<ove\e*-, a»i'>iiig from dillienllies in easf- 
ing, and from the fact that tlie most .sr\ere slr.iiii on a pipe is(4ten 
produced by shocks from w ithout, w hieh <'au.se I la* thiekue.''S of ea ^ 
iron pi]ies to be oft<*ji made eonsalerably greuLei- than that given 
by the above rule. 'J’he following empiiiial iiile o.\prr>,rs \'ery 
accurately the Zi/Jt/t to the thluKC'is of vaU iroti pipf's, in ordinary 
practice : — 

Tue thirkness of a at si iron pijio Is to rcr fo Irss ihon, a innni 
proportional between its interua^> diuwder and oi^eforly-enjlitl nf on 
inch. 

It is very seldom, indeed, that a less thickness tlian 3-8t\s of .an 
inch is used for any pij»e, how small ...ocver. 

Cast iron ])ij)e.s arc inade of various lengths; Imt llic mo.st 
common length is 9 feet, exclusive of the faucet or .socket on 
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one end of each length, for receiving the j)1ain end of the next 
'length. The faucet adds^from one-twcntictli to one-tenth to the 
-weight of tlic The joints are sometimes run up with melted 

lead, soinctiiiK's turned so that the plain end and the faucet lit exactly, 
and made, water-tight with red lead paint. The latter is the easier 
and quicker |)ro(M‘.s.s ; I)ut the former athnits of a gi'oater aniount of 
yielding to (ixpansion and contraction, and to the unequal settle- 
ment .of tlie ground, which is an advantage in j)oint of safety. 

J If.- The ))est preservative fm* cast iron pipes against corrosion is 
a coaung of j)itch, aj»])li<‘d both inside Jind out, by a process which 
niak(‘s it ponetrati* tlu^ jiorcs of the iron to a certain extent, and 
adhere V(jry lirinly. 'J'his coating appears to diminish sensibly the 
friction of the water. (See pp. 7li5 and SOU.) 

J V. In estimating tlie greatest working pressure which a water- 
pipe should b(i capabhi of r<‘si.stiug, the hydrostatic presswte due to 
the whole <li“plh below to{) water of the reservoir whence tlie 
fiup]>ly ent<‘rs tin* pip<‘, and not the merci hydraulic pressure when 
the water is in motion (Article 440, \k 07o), should be taken into 
account, in order to jirovide for the contingency of the flow of the 
wattu* being cheek<*d by an obstnietion in the pipe. 

V. TJie /osfi^o/ head during the most rapid discharge should be 
computed fora seriA of points in the course of an intended pipe by 
thl^ principles (‘xphiimsl in the Fii*st Section of this chapter, so a.s to 
dcterniine the line of virtual whicli will commence at a 

point vtM lieally above the inonthj)iece of the pipe, and at a dej)th 
below the to])- water of the reservoir equal to the loss of head due 
to tho velocity of flow’ in the pipe and the friction of the moutli- 
piece. The object of determining that line is to insure that in 
laying out the levels t)f the j>i]»e no part efit shall he made to rise 
above live line of virlnaf declivity, * The reason for this rule is, that 
at all ]M)ints in a})ij)e whieli anj above that line, the pressure, when 
the watt'r is llow iiig. l)eeome.s less than that of the atmosphere (a 
fact commonly dosifribod by sjiying that there is a “partial vacuum,” 
see Article 443, ]). (173); in consequence of wdiicli Jie air, which all 
w’ater contains in a diffused state, escapes from the water in 
bubbles, an^l eventually accumulates in the higliest paiii of the pipe 
so as to obstruct tlie flow of the water. 

A’])ipe thus rising above the line of virtual declivity is called a 
siphon, stXiA is incapatde of continuously conveying water unless the 
air be Irorn time to time exlnpistcd from the summit of the pipe. 

Air colU^cts to a certain extent at the summits of an undulating 
pipe even whpn they are below the line of virtual declivity; but as 
it cxeyts a jiressiire gi-eater than that of the atmosphei'e, it is easily 
expelled. A small cylindrical receiver, called an air-lock^ is 
placed aliove the pi])c at each such .summit, to collect the air. 
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which is from tiuie to time discharged t}y*ough a valve. Tliat valve 
may either be opened by hand occasionally, or it may be loaded 
with a weight equivalent to the hydraulic |)rcssure, and made self-* 
acting. (See p. 804.) 

VI. At the lowest poiiUs in an undulating line oi v 'a ter- pipe 

sediment collects, and is to^1>e discharged from time to time thi*ough 
a deemsing or scourhig cock or valvt‘. * 

VII. As to slide-valves^ doitble-heaf-ralres, and otlicr valvfti and 

•cocks used in connection with wat<*r-pip('s, see A Prime 

Movers, Article IIC, p. 120, ami Articles* 119 to 123, pp. 123 to 
126. 

VIIL S}wet> Iron Water-Pipes lined with ])itch have lately been 
tised in France. (See p. 803.) 

478. Pipe-Track— PIpe-AqiietlaciM* — shetnid l)e taken to bcil 
water-pipes on a firm foundation, and to covt r them to a sntlieient 
deptli to pi'eveiit tlie action of frost; tliat i?, iii Brikiift, about 2 or 
3 foot. 

When a water-])ipe crosses a valley, or a river-cliamiel, or a line 
of communiciition, it may sometimes be advisable to earry it alxne 
ground by means of an aqueduct. This may bo a bridge of any 
•convenient constinction, or it may consist simj^Lv of *1110 jaja* itself 
lying on a series of jiiers, and cased outside with wood, or otluT 
non-conducting material, for protection agai nst heat and cold, a 
pipe-aqueduct of wdd<j .span, the pij»e itself m.iy be nuuhj to form a 
catenarian arcli.* 

The total tliru.st at tlu' sjiringing of the arch under an nnilbrm 
load is to be computed in the usual way, lM‘ing, 

load per foot of span X radius of cui*vatur<i at crown in foet 
secant of inclination at springing; 

from which has to be de<lucted the thrii.st borne by tbo water, viz., 

pressure of water X sectional area of ))i]ie ; 

jiud the remainder only of the thru.st has to bo borne by the irr^n of 
the pipe. In fact, the arch of water hears a j>art of Hit* load. 

If the oichcd pipes be made to carry a roadway, the v«<ho]e of the 
stress produced by a partial or travelling load will fallMm tliem; 
and their strength is to be computed by tlie form n lie of Article * 
180, Pi*oblems IV. and V., pp. 303 to 308, as explained in tyeating 
of cast iron arched ribs. Article 374, (Vso I., j). 539. 

The woodm lining referredf to as a protection against frost 

♦ 

* Of this there is an example on the Washington Water-Works, designed by 
Oeoeral Meigs of the United States’ Engineers. The arch U ef 200 ^t span, 
«nd consists of two parallel cast iron pipes of 4 feet diuineter. 
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consists of oaken staves about 3 inches thick, packed in a cylindrical 
form round the interior of each pipe. It is likely to prove more 
» lasting than an outside casing, because it is constantly wet^ instead 
of being ultern.'itely wet and dry. 


SiXTiON V. — 0/ Systems of Drainage, 

47*9^ <iic‘ii«*rfii i*Hiicipirs n« to f^aiid Ontinone. — The engineer who 
oxaiiiines a district witl^a view to tlic improvement of its drainage 
requires the information respecting the features, extent, and levels 
of tlie district, its niin-fall, and tlio coin-so, dimensions, levels, and 
discharge of its streams, which liave already been specified in 
Articles 4o(), 4o7, and pp. G92 to GOO, and in Article 4G7, p. 
707. In some eases it is m^cessary to attend to the question, 
whether tlm«»svater to I*** ca iried oil* by the system of drainage comes 
nuMvly fnmi th(^ a[i]»arcnt gathering-grouiul bounded by the ridges 
that surround tin' distri<*t., or whether souui of it is brought to the 
flistriet tlir<)ugh ponais strata, which have their gathering-ground 
wholly <»r partly iH'VMmd such ridges. 

In order Mmt a ihstriet may Ix' in a perfect state as to drainage, 
tlie waO'r-IeveJ in the braneh drains, which directly receive the 
dischaiye of tln^ tield drains, should be at least about 3 feet below 
the level of tin* ground at all times. Wlicn it rises above that 
level the ground becomes oit^ash o^'jfoodedy according as the water- 
level is below or abov<^ its surface. 

Each water-channel must have suflicient area and declivity, when 
|it its fulhist How, to discharge all iln? water that it receives as fast 
ns such water Honns in, without its water-level rising so high as to 
obstruct the Ilow' of the brancln*s it receives, or to lay land awash. 

Should it be impossible absolutely to fuliil these conditions, 
ineans an' to betaken to make the deviation from them as small in 
extent and as.shoil; in dumtioii as possible. 

480. nN to iiuproremrni of i>rninnKff« — Should the drain- 

age of a district be, found defective, the engineer will in general 
have to consider questions of the following kind, as to thecau3es of 
sueh,defedti\e comlitiou, and the n\eans of improving it: — 

f' Whetlu'v, and to what extent, it is pi-acticable to diminish 
or pi’c^eiit Hoods by the construction of store reservoirs. 

II. Whether the channels of the stivams contain removable 
cbsti^uctuvis such as shelves of I'ock or other shallows, narrow places, 
islands, ill-douigucd weirs and britlges, ikc., and how such olratruc- 
tions<ire to be removed. This may involve questions as to rebuild* 
ing wx'iVs andl)ridgeg according to improved designs. 

III. Whether the channels are . defective and liable to be 
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obstnicted tlirough the instability of thfir beds, and how such 
instability is to be prevented. 

IV. In the case of a smaller stream having too little declivity, 
which falls into a larger stream, whetlicr tliat declivity can be 
increased by div<*rting the course* of the smaller stream *o as to 
remove its diitfall to a loweupirt of the laigtu’ stream. 

V. Whether the course of a.slream, beim^ t«M) circuitous, can bo 

improved by a divei’shm; and vhetluT, in the im]»i*ove- 

ments being required in the chanmd of stri'am tf is bj|ht to 
execute them in the (‘xihting channel, or t<> m.ike a new channel, 
independently of the question of circuitousness. 

All the preceding (juehtions relat<* to m.altrrs whieli liave already 
been livated of in Scetioiis III. and IN', of tliis <*hai>ter, but the 
following involve subjects whieli \\ill be tuated of in the ensuing 
articles: — 

VI. Whether the branch dr.nns are of sullieient discharging 
capacity. 

VIL To what extent the water-channels aii* e.ipable of acting 
as temporary reservoirs for moderating the ra[)idity ANith which 
flood-waters deseeiul from them into Io\\tT ami larger channels. 

VJll. To what extent the lands .ul|oining y»ri\e1‘ wliieli are 
liable to inundation act in tlie cap.u*ilvnf a leserxoii*, .ind wiiat 
will be the effect U])on the jiart of the ri\er bi-Iow them of jTjveiit- 
ing or diminishing such action, 

IX. Whether the drainage can be sullieienlly improtsl hy im- 
provements on tlie ANater-chanmds alone, or nlietlur, on the other 
liand, it i.s advisable to nse emi)tinknients for the eonlim-ment of 
fhw)ds within certain limits. 

481. Diarhoritlnii Cnpnclty of Ki-nucli DrnliiM. — If the rain-fall 
found its way at once from the surface of tlie gnuind to tliediains, 
eachof tlicsc would require to have* dimensions and declivity sulli- 
cient to discharge the most rapid fall of r.iin kno^n to take place 
for any time liowshoi*t soe\er. The following d.ila as to the most 
rapid raiii-fall in Britain are given on the authority of Mi*. Pln’llips; 
tlH‘y illustrate how the greate.st rate of rain-faH diniiiiishf‘.s accord- 
ing as the period for which it is reckoned is increased 



Total <lepth of 

Kate of 

Period. 

Rain-fdll. 

Rain-fall. 


Jnthc-. 

Inclics por Iloirf*. 

Ouc hour, 


10 

Four Iiours, 


q-5 

Twenty-four hours, . . . 

5 

0*2 nearly. 


The soil, however, acts as a sort of reservoir to an extent depend- 
ing on its texture ; it keeps from the drains altogetlier a portion of 
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tlio raiu'iall, wliicli piis^es ofl* by evaiiomtion, or is absorbed by 
plants, as staUid in Article ^56, p. CO 2; and it discharges the 
remainder info tin* drains more or less gradually. The branch 
draiiir: in country drainage should be made capable of discharging 
at an uiliforru j ate. the greatest avail^ible niin-fall known to take 
p]ac(i in a pcrir»d whose length is grea>^.er according as’ the soil is 
nM)i (* i elentivc. It is jirobable that in most cases oi‘ cultivated land 
hni‘iilri/-/tnir hu'urH will be found a sulficiently short j)eriod: that 
each Ibaiii whicli di]'c<y;ly receives water from the fields should be 
capabh; (jf discharging, in twenty-four 110111 * 3 , the greatest available 
raiii-tall of twenty -four hours; for steep and rocky gi’ound the 
period must be sliorteiiod, in some cases, it is probable, to four 
hours; but the best mellital in eacli case is to ascVi-tain the perio<l hy 
•in exp(‘rim(‘ntal comparison of the rain-fall with the discharge of 
<li'ains. 

482. Action of t'liiiiihiclH nnd Vloo«lccl linuds n» Uciicrvoirs. — The 

v(dinm‘ of ibc s]>aci* c<mtained Iw^twctm the ordinary water surface 
of a given portion of a str«‘ain and th(; flood-water surface, whether 
such s[>ac(‘ Ik‘ wlndly coidaimMi betwee n the banks of that portion 
of tin* .streajM, or partly b<‘tween sucli banks and |>artly over 
lidjoining lands IKilile to inundation, constitutes a reservoir for 
retaining f/te excess 0 / the total svjtply of imter ditring a 'period of 
food faiiifa/l from the district drained hp that portion of the 
stream^ above the greatest guantitg that the stream is capable of dis- 
charging in the same jicriod, nil'.il the flood rai?i-fall is over, when 
that excess flows away by degrees. The existence of that reservoir- 
room thus renders sullicient a water-ch.innel of les.s discharging 
'capacity than would otlierwise be necessary; and if such reservoir- 
room is diminished, (‘itlier by iiR])roving t^i(5 oliannol so as to lower 
the flood-water surface, or by ctuitrjuding the space by means of 
embaiikiiients, care shouhl be t ikeii that the di.scharging capacity 
of the cliannel beJaw the district in question is increased to a cor- 
responding extent, otherwise the effect of diminishing the extent of 
floods ill tliat district may he to iiierea.se it in some district further 
down the river. Tlii.s is one of tlie reasons for the rule already 
stated iu* Article 470, p. 712, that works of liver improvement 
slK.rdd proceed from below upwarfis. 

483. liiTcr uiiibniikmoiiiM. — When the land adjoining a stream 
cannAt be sutliciently guarded from inundation by improvements in 
the cliannel, embankments* may be erected. In determining the 
course and ^ite of such embankments I'egard must be had to the 
principle stated in the last article — of leaving sufficient reservoir- 
room between them for flood-water. In some cases there may be 
sufficient room eviAi when the embankments are erected close to 
the natural banks of the channel ; out in general it is advisable to 
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leave a wider space; and when the river fellows a serpentine course 
sufficient reservoir-room may in mai)y cases l)e provided by canying 
tile embankments along the geiieml course of the valley, so as to 
enclose the windings of the stream without following thoj 0 t, and 
thus to form not only a reseryoir, but a wide aiiw dii*ect channel for 
the dischaigo of floods. # 

The tributaiy streams which flow into tin* main streams will In 
genei*al reejuire bninch embankments. \Vln*re a main embank- 
ment extends for a long distance uniiiti‘i|*n|»t(*(l by a tiiUutaiy 
stream^ the land pivHccted by it is often divided into j'<»rtioiis by 
means of bi-anch embankments, called tli verging from 

the main embankment, the object ofwliieh is, that, in the event 
of a Vireach being made in the. main emb:inknn*nt, the inundation 
may be conflned to a limited extent of groiiml. Tliese “land arms** 
generally run along the boundaries of s(‘parate holdings. 

Behind and ][>aiidlel to each main embankment there runs a “ hark 
drain,*' the material dug from which, if suitable, may lui used in 
liiaking the embankment. The use of this back drain is to act not 
only as a channel for the dniinage of tlu* land ]>rotc‘eted by tlie 
embankment, but as a I’eservoir to colh*et that drainage wlien the 
river is in a state of flood, and its dimensions ^ire to bo regulated 
acc<irdingly. The water.s of the baek drain are* <Iis(harge(l into the 
river (wlieii its surface is low enough) through a series of j>i|t\s tra- 
vtM’sing.the embankment, and having jla|»-\al ves oj)(‘ning outwards to 
prevent the return of water from tl .* i iv«*r. These valves an made 
sometimes of iron, sometimes of wood ; one of the most elH(!ieiit 
consi.sts of an iron gmtiug or jwa’fbrated j>late, covered with a t]aj» 
of vulcanized indian-rubber. As to the comiMilati«)n of the time* 
required to discharge a given accumulation of waUn* from tlie back 
drain through a given outlet, see Article 4oo, p. fiDl. 

The embankments ai'e to bo made of clay ramnu'd in layers om* 
foot deep, or thereabouts. When of moderate lu'igiit, and not 
exposed to great pressure, they may have, slopes of H t-o I or 2 to 
1. When they are liable t<.» be acted ujion by a strong cuirent tlu’y 
should be pitched with stone, or otlierwi.so defen(h‘d like river- 
banks (Article 409, p. 710): el.sewluTo tin y should l)e c#vv?i*<id with 
sods, and no trees, shrubs, or Ledges slK»uld bo suflered to tw 
upon them. 

484. Tidal Drainage is the dtuiiiage of lands which are abcf^ c the 
low-water-mark of ordinaiy tides, and cither below high-water- 
mark, or so near that level that their drainage waters ^can only be 
discharged in certain states of the tide. Such hiTids are defemded 
against inundation by the sea by means of embankrneuts, which will 
be treated of further on. • 

The best mode of draining a' district of this scirt is by means of a 
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canal extending conudete^y tlirongli it, which acts alternately as a 
reservoir and a.s a (diiinuel. Tlie to]}~v)ater~level of the canal is to be 
lixed BO as to gi\ e sidlicicnt declivity to the branch drains. Its low* 
watef*h'‘'el will be above that of low- water of neap tides to the 
extent of 1-1/illi part of the rise of nicli tides. The,si)ace con- 
tained in the canal between those levels is the reservoir-room; and 
inasnnich as the length and depth of that space are fixed, the breadth 
in id \\ ay b(;twe,en tliose levels is to be made sufficient to give reser- 
voir-r^oni for tluj grej^iest quantity of drainage water that ever 
collects during oiKi tide. The depth of the canal must be made at 
least sufficient to enable tluj whole of that quantity of water to be 
discliaiged in the; inltu’val between 1 hour before and 1 hour after 
low-wat(ir, the rrJorift/ o/oiUjlow hrh)^ assumed to bo about 

(‘(jual to fbat due to a <lrelivity of the height h(‘twcen high ainl 
low-\vater-le\<ls in tin* wliobi length of the canal, and to its 
hydniulic niran d<‘ptli wln ii lull up to its middle water-level. The 
outer end of llie canal is in have large* fiuodgates capable of 
throwing its wliob^ width and <h‘,pili o])on at mice; or a row of large 
Hi)i]ion-[iipes, passing o\ er the tidal <*nibanknient, and having suitable 
upjiaratus for exhausting the air from their sumioits. (See p. 741.) 

4H/5. i»riiiiifi»c ly i*iinipinff is extensivt*ly (unployed in lands 
below liigli-wat<'r-mark, especially in Holland. In former times 
windmills weie chiefly usc'd for this purpose, but now they are to a 
gi*(’at extent ri‘plaiM‘d hy steam engines. The most economical 
mode of conducting draiiiag<j imtliis manner is to jirovide reservoir- 
room for the greaU'st floods, and pninp constantly at an uniform 
rate. To provider for the re])air of engiiies, and for accidental 
‘iBti)p])uges, engiiu's are to he kept in re.s(*rve, of power equal to 
from one-half to the whole of the power of those that are kept at 
work. 

486. Town iirniiingc*. — Plans for systems of town drainage 
require to be on,, a larger scale, and to have closer contour-lines, 
than tliose of any other description of work (!"ee Article 51), p. 
66.) The discharge to be provided for is the natural drainage of 
the basin which tlie town occujues, added to the water Bupjdy 
artificially I rough t into the town. 

Inasmuch as the raiii-fall in tow®ns finds its way into the sewers 
almost instantly, their dimensions and declivpy must be suited to 
the heaviest rain -fall in a short yieriod. Authorities differ whether 
that rain-fall is to be estimated at 07ie imh or at haJf-ariririch in 
depth per hour. 

The treatiuent and disposal of the drainage of towns, after it has 
been‘ collected by means of a system of scwei*s, involves chemical 
and physiological questions into wliicli it is impossible to enter in 
this tveatise. (See p. 810.) ' 
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487. Seirer*, or main (IraiiKs of town;J> arc iindergromul aiclied 
brick conduits, designed, laid out, and constructed according to the, 
principles alwjady explained or referred to in Articles 47^ 47/5, 
pp. 718 to 720. As to their strengtli, see Article 297 433. 

The cross-section preferred ^or them in Britain is an oval, with the 
small end downwards. In order tliat men may he able to enter 
them for jairposes of cleansing and repair, no si!\ver should l^ave a 
less breadth than 2 feet. 

The velocity of the current should be i|ot less tlian f f(i4>t )kt 
second, or more than about 4^ feet j»er .s(rond. 

As to the dminage of streets into the sewers, see Artiele 417, p. 
626. Owing to the quantity of innd that is swept into sewers, 
they ate peculiarly liable to be obstructed by colle(;tious of sedi- 
ment: these ai*e swe])t away by an o))eration Jlushlmf or 

Jf ashing^ which consists in placing a temixmary dai\^ of limber 
above the spot wlierc the deposit is, so as to colh‘ct a quantity of 
water, which is allowed suddenly to (‘scap(‘ witli great sjx'cd in 
order to scour away the deposit. 

As tlie pipes leading into the sewers from the channels of tlio 
streets, and also those from the houses, either are «)ug]it to be 
** trapped” by means of valves or invert<‘d siphot)s, so as to j>rcvont 
the escape of foul gas from the sew<‘)’s, .such gas must liave openings 
provided for its escape, ( ither by building clnmueys for tli(‘ jairposc, 
or by connecting the .sewei* with existing eliimneys. i*assag<'s for 
the admission of fresh aii* to tlie sc wens are also rofjidrcd, amt sub- 
ternmean cntronccs with trap-doois to give nu n access to them. 
As to the use of “ side-orenelics” and “subways,” see Article 421, 
pp. 629, 630. • 

488. Pipc-Drainii. — The earthen ])i]>es used for drainage have 
already been described in Article; 477, p.720. In town drainage 
they are chiefly used for the hraiich drains Ir.iding from honse.s 
and from the adjoining ground into the main (^wers; and they 
usually range from 4 jnche.s to 18 inches in diamcitcr, according to 
the quantity which they are to discharge. It is not advisabh; iti 
any case to use drain-] )ipes of less than 4 inches in diamet^^er. 'Jdiey 
should all be laid, as far as jio.ssiblc, at suc.li declivities &S.to insure 
a velocity of flow of 4iJ feet ])er second, in order that t}:e formalflon 
of deposit may be impossible ; and wlien their proper levels and 
declivities have been determined by calculation, great care should 
be bestowed on seeing that they are accurately laid at those levels 
and declivities: the smaller the diameter of the pipe,,J;he worse is 
the effect of any inaccuracy in this respect. Obstruction^ are 
most likely to occur at the junctions. The importance of making 
these either cuived or acute-angled has alreaify been mentioned^ 
but even at curved or acutc-angled junctions deposits may .soQie- 
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times take place, and a*good safeguard against tliis, when the 
•levels are such as to render it practicable, is to make the junction 
in a ^rticiil or transversely inclined, instead of a nearly horizontal 
plane. 

1'lie hiverted siphon air-trapj for pre\^.nting the entmnce of foul 
gas from a sewcji* into a building tlkough a dmin-pipe, is an 
tube, in the lower ]Mirt of the bend of whicli water 
hxlgrs. so as to prevent tlui passage of giis. To insure the eiEciency 
<»f thi.4 tra[), it is essont^il that the sewer should have chimneys for 
the (‘soa])e of gas; otherwise the pressure may become sufficient to 
enable the gas to force its way jwist the water in the tube. 


Section VI . — Of Systems of Wider Supply, 

4J . 

481). irriKuiion Tt appears that the supply of water required 
for the irrigation of a district ranges from 013 to *008 of a cubic 
foot of wat(‘r per seeoml for each iiere irrigated ; and this is the 
denunid to b(‘ provid('(l for by reservoii’s, (ir by tlie use of weirs to 
divert walei;, from rhers. (Article 400, j). G09; Article 472, 
p. 713.) Th(* eh.nfnels liy which the water is distributed are to 
l»(? carried at the highest hods compatible with the minimum ^ 
velocity of 1 foot p< r si‘cond, in order tliat as great an area of land 
as possible may Ik^ commanded by them. Tlieir dimensions and; 
declivity are to Ixi detiTiuined'by the ])rinciples of Article 451, 

]). G8G, and they arc* to l)i^ constrncted according to the princif)1es 
of Section 1 V. f)f this chapter, especially Article 474, p. 718. 

^Wlien they run bet\>iM n (*arthen enibankincnts, as is often the 
case, each eml)ankment sliovdd liave a vertical puddle wall in ita 
centre, from 2 to 3 fei't thick, and the tops of the embankmenta 
should uot be le.ss tliau 1 feet wide. 

The method c,^‘ deli\(‘nug specified sup]>lies of water fwm an 
irrigation canal to holders of land is the following: — A small tank 
at one side of the eanal is supplied tlirough a sluice, and the water 
in it is kept at a constant level by regulating the opening of that 
sluice. Tiie water is <leliverod out of the tauk through a square or 
round orilice of constant size nin'ier a constant head. Different 
quantities of water are delivered hy varying the number of the** 
oriiices, and not their dimensions nor the head which causes their 
dischai^e. 

490. Wnifr Niipi»lf of Townii — Eallmalfon of Demand a« to 
tiiiaptitr. — ^The 8up]dy of water to towns ranges in extreme cases 
from about 2 gallons to GOO gallons j)er inliabitant per day. (Gor- 
don On Civil Enghieering.) In town water- works executed with a 
du@ legard to sufficiency of supply on tho one hand and economy or 
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cost on the other, ami with a moderate amount of wa^te, the 
following may be regarded as fair estimates of the real daily 
demand for water per inhabitant amongst inliabitants of dilVerent 
habits as to tlie quantity of water tliey consume, (hav^ug been 
verified by the experinients^f Mr. J. M. dale, C.E.) 



Gallons per Pay. 


I^ast. Avi'raj^e. 

Great 

Used for domestic jmrposes, 

•I 7 

* ^5 

Washing streets, extinguishing fires, suj»- 
plying fountains, A'c., 

} 3 3 

3 

Tmda and man u fact u !•<*>, 

... 7 7 

7 

Total usefully consuinefl 

17 20 

2“) 

Waste, under careful regulation, sav 

-1 '> 

m" 

2 1 

Total demand, 

H) 22 

iJj 


A liberal supply of water lias a tendiMicv to ineicaso its use, and 
at the same tiriie to bring the ilaily consninption pi*r l»<."ad amongst 
diflei’ent classes of persons niun* iioarly <o :in •eipmlity ; so that, 
with a view tc such imjiroNenieiit in the habits of thr p(>})n|^itjon, 
it is advisable ii\ projecting new water-works to lake somewJiat 
more than the highest of the pret(*ding esliniati's of the ihnnand ; 
that is to say, about 30 gallons ptu* bead per day, supposing waste 
of water to lx* as far as ]»ossil)le preM*n1<‘d. 

The quantity .of waier run lo waste, howtNcr, fretpieiitly 
exceeds ■ enormously that allowed for in the ])receding estimate, 
through ill-coustructod fittings and T*ai I lessness. A quantity equal 
to that used is not uiicoimuoii, and in one case, where 7 gallons 
of water per head per day wrere actually used, 18 gallons ran 
to waste. The most etlectnal means of preventing siich wuisle are, 
the establishment of a regulati<ai or eii'*.ctment, that dtanestic 
water-fittings sliull be executed to the satisfaction <»f tlu; engineer 
or manager of the water-works; the canying out, as far as jiracti- 
cable, of the system of selling w'ater t) measure to those wlio require 
it for other than ordinary dome..tic juiiposes (as to waiter metiiis, 
see Article 459, p. 099); and the prevention of excessive pressure 
in the service-pipes from which houses are directly supplied. 

The preceding .statements have i-efi^reuce to the daily demand. 
Regard must also be had to the hourly demand, wliicl’ fluctuates 
very much at different times of tlic day, chiefly because the*in- 
habitants draw nearly the whole of tludr supply for domestic 
purposes during a limited number of hours. IT is estimated that 
the most rapid draught for domestic purposes is at such a rate cliat, 
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if kept Up continuously, it would exhaust the whole daily supply for 
^ these puqjoses in 8 haul's; that is to say, the maximum hourly 
demvind for domestic puiposes is tUre^ times the average hourly 
deuiaiia.. 

The eficct of this on the greatest hcnrly demand for M pwrposes 
is to make it in different cases raug^froin twice to times the 
averitge hourly demand. 

4ill. KHliniutioii of l>«*iiiniid a« lo llva«l.— -It is COnsid(U‘e(l that 
the hfeid of pressure ii? each of the street mains ought, when the 
flow is most lupid, to he equivalent to an elevation of about 20 feet 
above the toj)s of the adj<iiuing houses, in order that, their upper- 
most stories may be diri'ctly supplied, and that it inny be possible 
to throw a jet to the top of the highest building without the aid of 
a fire-engine. 

The. re<pnred virlujil lu‘ad in various districts of the town being 
fixed, tlie vii’tual dee.livity from tbe source to each of those districts is 
to be made as nearly uniform as circumstances will permit, if pipes 
are used thniugbout. Should a c<mduit b«j UH(‘d for part of the 
disUiiice, and pifuis for the remainder, the pipes should have the 
steeper virtieil (h’diNity, and consi*quently the givater share of the 
total virtual fall in proportion to their length, in order that they 
may Ve smalle.i* tlian the conduit; because their cost is greater in 
j)roporti<ui to iln'ir si/.<» than that of the conduit. No precise rule 
can be laid down for this distribution of fall between pij»es and 
conduit; but in some good ex.imples ilie virtual declivity of the 
]>ipes lias been made eight times as steep as tlie actual declivity of 
^ the eonduit. As to tbe discharging capacity and construction of 
conduits and [)ij)<‘s, see Articles 450, pp. 684 to 688, and 

Artieh^s 474 to 478, pp. 718 to'72L 

In a town of irn’gnhir levels, or of great extent, the same vii*tual 
declivity wbieli is re(piiiv<l in mdrr to give suilicient head of 
pressure in tbe liighei- jiarU of the town, or in those more distant 
from the s«)uree, may give. exees.sive pressu J in tlie lower or nearer 
parts. In such cases the exeessive pressure in the bianch mains 
and distributing ])ipes of the latter districts may be moderated by 
anv convenient means of causing loss of head at their inlets, such 
as passing the water through small oritices, or loaded valves; the 
latter being the more accurate method in ifa working. 

402. €;oiuprii«iiiion Woi^r is the supply of w'ater which is secured 
to the owners and occupiers of laud and mills, and other parties 
interested i4n the sources from which w-ater is diverted to supply a 
town, in order that they may not suffer damage by such diversion. 
It must be at least equal to the supply which was beneficially 
available for tiieir'‘u8e before the exf3Cution of the water-works, or 
4^86^ they must receive compensation in money for the deficiency. 
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The only means of enabling a source of Vater to sii|>]>ly a town, 
^besides providing the landholders with eojn]>eiisation waU'r, accord- 
ing to the preceding principle, is to store in reservoirs and discb-iige 
by degrees the flood- waters wldcli previously ran to wastr. (See 
Si^tion III. of this chapter, a». (i‘jy.) 

In providing the daily s^i)ply of compensiitioii watei* to which, 
the landholders on the coui’se of a stream arc enlitled, dilftTent prin- 
ciples have been followed in dillereiit ciises. TIjc arc 

three of them : — f • 

I. To secure them the averuye summer flisc/unye, e.rclusive oj 

as ascertained by gauging. (As to the distim l ifui between 
Hood discharges and ordinary discharges, .see Artielr 'bOS, p. flOS). 

II. To give them a ju ojxn-tion ILved by ag! i‘ement (ii'^iially one- 
ifiirdy or thereabouts) oftlie wliole vvattT iinponnded. 

In some ca.ses a sj)ei*ial uiTangemeiit has \>ec*n come, to^ by which 
the landlioldt^rs, on condition oJ‘ a certain supply being deliv«ired 
down the stream during tin* day, ha\t‘ agr(*ed to a less sii]»ply 
being delivered during the night. 

III. To make a s])ecial compensation re.servoir, receiving the 

discharge from a certain ])roportion of the gathering-^^pxMind, and 
to hand it over to the land htd dens, to be managed* under llndr own 
control, 9 

The usual method adojjted in delivering a ti\'(‘d daily (piantity 
of water into the natural clianmd of a .**lre,im is to eoii'-iruet u 
tank in which the watta* is kept at., fixed l4‘\el ]>y means of tljo 
.sluice or sluices tlirougli wliieli it is snpplit d, and let llji* wabr 
How out of that tank thiough an outlet or outlets of a lixj il area 
and figure, under a fixed head. 

493. i9toraK<--l>Vorki» consist of re.M’A'oh'S wit h tlreir appn i-l.enanccs, 
as described in Section III. of this elia|>ter. In estimating the 
extent of gatliering-ground and . ipaeity (d’ the reservoirs reijuired, 
regard must be had to the (Unnand of water fm comjj(‘nsatiuri 
(Article 492), as well as for the supply of f.lie town. 

Ill most cases in wliich a town is .suj»j>]ie(l f r om works of this 
class, the best economy consists in cho(»sing tire .site.s of tJie store 
reservoii’s, and designing the conduits and princij)al main ji/fies, so 
as to supply every part of the towh by means of the gnivitation of 
the water alone. But exceptional cases sometimes occur, in w\pch 
a great saving may be effected iu capitaJ.outl.ay, and especially in 
the cost of conduits and pipes, by incurring a comparatively small 
additional annual expenditure iu order to supply some H oited dis* 
trict that is higlily clevat(*d above the rest of the town by moans 
a pumping stei^ engine, instead of giving the conduits and prin- 
cipal main pipes the dimensions required in orcSsr to supply that 
limited district by gravitation. • 
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494. Mprlnff* in many cases are so variaMe in their liiscliai^ 
' that they can only bo classed .amongst the sources whose waters 

reqv|;*e to Vx; stf)rc(l in a reservoir. But occasionally springs ai*e 
met wluh v'liicli .'irc'. the outlets of extensive porous strata, forming 
undci-gT-onnd natural reservoirs that maintain a nearly uniform dis- 
eliarge irid('pen(U*ntly of artificial stom^e. (See Article 456, p. 696.) 
AVnien the wat(‘rs of such springs are diverted from the streams into 
fidiich they naturally flow in order to snjjply a town, the ordinary 
sumiher flow of thoseL streams must be mainbiined at its original 
volume by the aid of the flood-waters of a gathering-ground, stored 
in a reservoir. 

495. •Rivfi'-WorkM— Pumping. — A large river may be used for the 
supply of a town, iiuh'pendently of storage-works, provided the 
volume of water brought down by it is at all times so great, that 
th(i temp<tf*ary abstiiiction of a volume sufficient to su])ply the 
town will cause no injury to its navigation, or the interests of tlic 
inhabitants of its banks. 

'rim works required in order to su]»ply a town from such a riviT 
usually coin])ris(‘ a for maiutuiiiing part of the river at a 

nearly ennUant love] (Article 472, p. 713); two or more sMiny- 
2 > 0 }i(ls^ info w'liieli the wafer is conducted, or if necessary, pump<‘d, 
or ofJ[i(*rwise raised hy inachineiy; filtering apparatus ; and a suf- 
ficient establishment of pumping engines. 

Tt would be foreign to the plan of tho present work to enter into 
details as to the eonstrnctic.a and working of pnmping steam 
engines. The following [»rinci]des, liowcver, must be stated as 
specially ap])lieablo to their use fur the siqiply of a town. 

T. The 5 ejjh'tive pence?- recpiirod to be in operation may be com- 
puted in Ji)ot-poiiUils how*, by multiplying the weigJU of water 
to be delivered per hour by the total at the engines in feet 
such head being irieasui ed from tlm level of the w'ater in the tank 
whence the engines draw it, to the virtual elevation required in 
order fo give suilicieiit head in tlie town and sufficient vii-lSal 
declivity in the ]iriucipal main j>i]»es. To ^nd the effective hors^ 
powm', divide the effective power in foot-pounds per hour hy 
1. .980,000. The indicated horse-power is about OTuf 
tKc effective hoi-se-power. ^ 

IX, Jicsn've power should be provided to an amount equal to at 
least one-half of the worl^ng power; for example, of three engines 
of equal power, tw'o are to be kejit at work and the thim in 
reserve, c 

•111. Air-vessels and stand-piiyes are contrivances to prevent the 
shocks to wdiich the jdpos would be exposed by the intermittent 
action of the pumjis, and to maintain an uniform hea<i of pressui'e 
anti velocity of flow in the pipes. 



4IK- VESSELS— STAND-P1PE8L 


735 


An air-vessel is an air-tight receiver, usually of cast iron, aud of 
the figure of a cylinder standing vertically^ with a hemis]>herical 
top aud bottom. At its lower end aie two 0[>euiugs, au' ^nlet 
through which water entei's from a pump, aud an outu:i from 
which the water is dischajged along a ])ipe. Its upper portion 
contains compressed air, vmicli tends continually to diminish iu 
quantity, partly by leakage and partly by absorption in the water, 
80 that a small supply of air should be forced in from time to 
time by snitiible apparatus. The efieof of tin* .iii -vessel in 
moderating fluctuations of pi*essui*e is expnssed by riu* following 
proportion ; — 

mean volume of air in the vessel : volume of the jmni]) 

: : mean head of pressure : grc^ati^st fluctuation of the head 

of pressure. 

In some good practical examples, the capacity of the air-vessel is 
about fifty times tliat of the pump. 

A single stand-pipe is a vertical cjist iron [>ipe, rising a little 
higher than the elevation due to the licad of pressure, aud open at 
the top. It has at its base an inlet through ^whiclf it receives 
water from the pumjw, and an outlet or outlets tlirough whieli it 
discharges water into the Jiorizontal sup[»ly-pipes. Its sectional 
area varies from once to tvvic(» that of its outlets, or theroabonta 
It equalizes the j)ressure and flow (‘veii muje eifectu'dly than an 
air-vessel, for the rapid entrance of tin; (juaiitity of water due to 
one stioke of a pump produces but a slight edevation of the surface 
of the watc*r in the stjiiid-jMpe as eoiuj>are«l woib its totjil ludglit. « 

A double slaud-plpti lia^ two brai^ches, in one of which the water 
ascends from the pump, while in the othe.r it (h'seends to the mains : 
the two branches uiiite at the top into a vertical stem, which is 
open above. This constnictiou effects a constant renewal of the 
water iu the stand-pipe. 

In estimating the dimensions and s]>ecd required for the piston 
or plunger of a pump that is to deliver a volume of water 

in a given time, it is usual to add about one-fifth to that volume as 
an allowance for “ slip f that is, water which runs back through 
the pump-clacks while they are in the act of closing. It appears, 
however, from experiment, that in the best pumps the slip ^ not 
practically appreciable.* (See p. 803 )•'. 


* The coet of pumping large quantities of water, as a.<icertained from the acqpunts 
of the expenditure of the former Glasgow Water- Works (since superseded by the I.a>c1i 
latrine Works), during a long series of years, was at thiorate of almost exactly 
400,000 gailona raiaed OMjitotfor a perny; that is to say, 4,000,000 footrpowidt qf 
qftetive w^kfar a penny, ^ • 
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496. Wciu may be used as sources for a supply of water, where 
^ water-bearing stratum exists* into which they can be sunk. The 
wate** in such a stratum has always cither an actual or a virtual 
declivity towards the place where, by the outcrop of the stratum, it 
makes its es(iai)ti into a river, or into^he sea. ShoulcJ the water- 
bearing stiutum have its gathering-ground at a high elevation, and 
should it be covered, in a district far distant from its final outlet^ 
by an impfU’vious stnitum, the line of viHual declivity may be 
above' the surface of the ground in that district; so that, on boring 
or sinking a wi;ll througli the impervious stratum, the water will 
spout up in a jet. Sueli wells are called “ Artesian Wells.” In 
other cases the liiicj <jf vii*tual or actual declivity is below the 
surface of the ground, and the water must be raised by pumping 
(as to which, see the prec(‘ding article). (Stie p. 807.) 

The raidng of a lavge (piantity of water from a water-bearing 
stratum has always the (‘liect of dt^pressing the water-level to an 
extemt which cannot b(i (*stimated lM‘forcliMud. 

Tlie quantity ol‘ watcu* which a water-bearing sti'atum is capable 
of yifilding may Ik* estimated in the manner explained in Ai'ticle 
45(1, p. (ilifl, providid tln^ po.sition and extent of its gathering- 
ground can he ascertaimal ; but tliat cun seldom be done with 
precision. 

In sinking or boring for well water, it is in general advisable to 
prevent the surface water from mixing w’itli that of the welL 
This is done, in tlie case of a b*oro, by lining it with iron pipes, and 
in the case of a shaft, by lining it with brickwork laid in cement. 

As to boring and shaft-sinking, see Article li^7, p. 331, and 
AHicle 301, p. r>80. 

407. The i*iiriiy of Wntfr is a subject of which the detailed con- 
eidenition belongs to chemistry and ])hysiology rather than ter 
engineering. Tlie following geneml principles, however, may be 
stated. '' 

For purposes of (dcaiising, cookery, chemistry, and manufactures, 
the best water is that which ajijU’oaches ueaivjt to absolute purity. 
Such is }.he water which Hows from mountain districts, where 
givxuite, gneiss, and slate prevail. Such water usually contains a 
large quantity of diffused oxygen and carbonic acid. It is the 
most wholesome for drinking, and the most agreeable to those 
whose taste does not prefer a certain adrairturo of earthy salts. 

The most common mineral impurities of w’ater are salts of lime 
and iron, Vhich injure it for all purposes excejit drinking. Salts 
of lime, especially the bicarbonate, are the principal causes of the 
property called “Jiardiiess.” Tlie bicarbonate of lime can be 
removed by adding to the water es much lime-water as contains a 
quantity of lime equal to that already contained in the bicarbonate 
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of lime present. The additional lime thn^ added combines with one- 
half of the carbonic acid, thus becoming clialk itself, and reducing 
the bicarbonate to chalk also ; and* the clialk, being insoluble, settk<<, 
and leaves the water softened. This is Dr. Clarke’s pixicessj^^ obften- 
ing water. The degrees of hardness of a specimen of water means 
the number of gi-ains of /halk which the lime held in solution in 
a gallon of the water (or 70,000 gi-aiiis) is cap:il)le of forming. 
Water of less than 5 degrees of hanlness niJiy be considered as 
comparatively soft ; that of 12 or 13, as decided I \ liaid. ^ 

The waters collected directly from gatliering-groumls are usually 
the softest, those of rivers harder, tliost‘ of spi*ings and wells 
hardest of all. 

The drainage watera of cultivate<l and j)(>pulous districts, and 
above all, those of towns and their iu*ighbourhr)(»d, are to be 
avoided, as continuing <»rg;inic matter in the jn^t of decomposition, 
and being therefore uinvhoh‘stane, and RonM*t>im('s high^ di»ngeron.s. 

The taste and siindl of a ]»erson Jiceustoincd U> di ink pure water 
and breathe pure air nniy in general be relied upon tor the det(*otion 
of the presence of inijairities in wjit(»r, though not of tluiir nature 
or amount; but in ])ersons who hav<» for some tinn* Inibitually 
drunk impure water and breathed a foul atinys]»her/? those senses 
become blunted. 

The colouring imitter of peat moss, which is it comjiaund of 
carbon with oxyg<‘n and hydrogen, unfits water for mjiny manu- 
factuiing pui*po.se.s. Tt does not render it unfit for drinking, unless 
present in considerable fjiiantity, when it produces an unpleasant 
flatness of taste; bnt whether that substjinet? is nnwdiolesoino or not 
has not been Jiscertaiiu'd. Its appesirance is strongly objected U\ 
by the inhabitsints of most towuis. Long ex|>osure to light and air 
destro 3 ’'s it, probably by oxidating its carbon. 

The long-con tinned action of oxygen decomposes and destiWH 
organic matter in water, and is the prineijKil nn‘aiis of ])urifyiiig 
originally im)Mire w’ater. In store reseiwoirs the presence of a 
moderate quantity of living ]>laiits is favouraldt* to ]»urit.y of the 
water, provhhid there are .also animals enough to eonsiuiie them, so 
that they may not die and decompose, .and that a pro]>yi; bal.aiice is 
kept up amongst animals of c}jHercnt kimis. The destruct’pn of 
the fish in a reseiwoir has b(ien known to lead to an excessive 
multiplication of the small crustaceous animals upon wdiich tlio fisli 
had fed, to such an extent that tint water acquired a nauseous 
flavour from the oil which tho.se minute creatur(‘s coiitainecL The 
only remedy was to re-stock the reservoir with fish.* ^ 

* This case was examined into and reported upon, and Ihe remedy diseovereil. by 
Dr* H. D. Rogers. * » 
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Shallow reservoirs are^ iinfavoumble to purity^ because ibe 
ivarmth of the water pnjdiiced by the sun’s heat encourages the 
yi^wth of an (‘xcessive quantity of vegetation, most of which dies 
illd <)eeoTn])o.sos. 

On the sui)jc‘ct of tlie purity of water, see Dr. R. Angus Smith’s 
“ Rejiort on tli(‘ Air and Water of To^vns,” in the Reports of tha 
British xissodation for 18.01. (See also Appendix.) 

41)8. Nc'iiiiiitf nn«i riitrntion. — A store reservoir generally answers 
th(i piirpoHe of a settling-pond also, to clear the water of earthy 
matter held in suspension. Water pumprjd from a river geuorally 
requires to rest for a time in a settling-pond. 

'J’he w'atcir both of rivers and of gathering-grounds in most 
snses requires to be filtered. A filter-bed for that pHr|>ose 
cfmsists of a tank about .0 f(‘et deep, having a paved bottom, covered 
with ojMMi-joiuted tubular drains leading into a central culvert; 
th<^ dinins arci eoveriHl vvUh a layca* of gravel about 3 feet deep, and 
that wilh a layer of sand 2 or 3 fe,et deoj). The water is delivered 
upon the upper surface of tlu? s:iiid very slowly and uniformly; it 
gradually desct'iids, and is colh*cted by the drains into the central 
c\ilvert. The area of tin* filter should be such that the water to 
be llltcr(*d nihy no(. (h'seend vertically with more than a certain 
s|)eed; for the, wliole eilieiency of the filttiring })rocess dej>end8 on 
i(s slowiness. ^flie spce<l of vertical descent recommended by the 
best autlioritic'S is six inches an hour; in some eases a speed as high 
as one foot aa hoar has h(»en use(\ 

Tliere should ho a sullicieiit number of filter-beds to enable some 
to be cleansed whilst others are in use. I’ho cleansing is performed 
by scnipiug from the surfact^ of the sand a thin layer, in which all 
the dirt collects. 

It ap])ears that i>roper liltnition not merely removes mechanical 
iinjuirities from the water, hut even organic impurities, by causing 
their oxidation. (S«*e pp. 70‘J and SOh.) 

*199. l#dMlribulinK-KnNin« or Town ICmei'roirN. — It has been ex* 
])lained in Article 490, p. 730, that the greatest hourly demand 
for water is about ilouble <)f the average hourly denvarui; from 
which it fp].h>ws, that the ]>ipe or coTuluit which directly sup- 
pliea..a given town, or part of a town, must have about double 
the discharging capacity that 't vrould require if the hourly demand 
were u:iiform. 

The great additional expanse which this would cause in the 
princi()al conduits and main pities is saveil hy the use of distribiUing- 
basins or knoYt reservoirs, 

A tlistributiug-basin for a given distnet is a small reservoir, 
capable of continuing a volume of water at least equal to the whole 
excess, of the demaml for water diiriKg those hours of the day when 
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tfch demand nxcecds the average mtg above a supply during 
the same time at the average rate. The smallest rapacity 
which will enable a distributing-basin to fulfil that o<jiidition ' . 
about one-half of the daily demand of the district to wb'jh it 
belongs; but to provide for unforesecji Cimti’igencieR, it may be 
made to oontaiu r. whole ^ay’s deinamb or even mure. It is sup- 
plied with water at an uniforni rate*, by a ])rincipal nmin pipe, 
which thus only needs to be made raj)al»le of sup]»lying the average 
hourly demand, the distributing-pij)es alon^* requiring tn 1 e adapted 
to the graatest hourly demand. Dining tlie nigiit. wlitju the 
supply exceeds the demand, the wat<»r aceiim ula tes in tJie distribut- 
ing-hasin; during the day, wh(‘n the diinand exceeds the supjily, 
that accumulated wab r is expemled. 

The area of a distributing-basin sliould be sueh, that tlie variation 
of its water-level may not eanse an iiieunvenient variation of tho 
head of pi*essnre in the pipes, nor in their virtual ileelivity. 

It may bo built and paved with masonry nr brickwork lined 
with cement, in which case the stability of its walls will diqieiul on 
the principles cited in Article 4()0, p. 707 ; or it may be made of 
rectangular cast iron ]>lat(*s, flanged mid bolii‘d togetlier, the op- 
posite sides of the reservoir Ix'ing tied tog<‘thcr by mcalis of wrought 
iron rods, txj enable them to l•^‘sist the prcsmin‘. 'flic ligiire in 
plan will in general he r<‘gulaU*d by that, of the silt*; biit^should 
the engine.er be free to clioo.se any tigmt*, the tfircular lignre is 
obviously the best. 

The elevation of the sitt; sliouhl lu* such as lo coiiimaiid tin* dis- 
trict to be siipjdied from the basin, aectnding to the princi]iles of 
Article 491, p. 73J, and it should be lus near that district as 
possible. ‘ » 

Every distributing- basin sliould bt; roofctl, lliat the water maybe 
protected against heat, fro.st, and the <lnst and soot wJiich float in 
the air of populous districts. 'Phe most elHcient piuteetion against 
heat and frost is that given by a \au]te<l r«»of of ma.soniy or brick, 
covered with a.sjdialtic concrt*te to exclude surface water, and with 
two or three feet of soil, and a lay«*r of tui-f. 

When water is brought to a city fi*oiii a great difilitpce, it may 
be useful to construct iu the neighbourhood of the city (shouVl tho 
grouud afford a suitable site), a large town re.servoir or auxiliary 
store reservoir, rapalde of holding a store of water for tiiout a 
month's demand, to be used in the e«^ent of an accident happening 
to the moi-e distiint pai*t of the main conduit, until the damage is 
repaired. From that raservoir to the town tho main jiipes may 
I'orui a double line, so that in the event of a failui e of oiio^ fine, a 
supply, although a diminished one, may bo conveyed through the 
other line until the first liiA^ is rapaired. The constniction of 
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such an auxiliary store reservoir will in general be-dmilar to 
of the resei^voirs described in Section III. of this chapter. ; V 

^500. DUtribiitina-pipes must he adapted to the grealeat hourly 
deniMad for wati*!*, and to the requisite head in the streets, as 
already dicplairu'd in Articles 490 and 491, pp. 730 to 733* In laigo 
cities the total l(‘n;(tli of distributing-pipti required is about a mile for 
eveiy 2,000 or 3,000 inhabitants. The smaller the town, the smaller 
in ge,»;er;il is tlii^ praportifmifje extent of distrihnting-pipes required. 

'I'lie distribnting-pipes which are laid along the street are classed 
AS mahw and sermce-pipea; the chief distinction being, that a main 
either (jonv(‘yH, or is capable of conveying, water along a street to 
Home plae(; beyond it; while a service-pipe is a branch diverging 
fr()rn a main, in order to supply a single or double row of buildings. 
In wid(! stna'ts, and in those of great traffic, it is best to have two 
Her\ i(;e-pip< s, one lor eacli side, in order that they may be laid so 
as to b(> aee<£ssil)1e witliont interrupting the traffic of the street (see 
Article 121, p. d2'.i), and in onler that the house water-pipes may 
bo as short :is possible, and may lie as little as possible under the 
carriage- way. 

VVlieii a general rate of viHual declivity has been dxed for the 
distrilMiting p-pes of a town or of a district of a town, and the 
diam<‘t(M's of tlx; iihu'c importent mains have been computesl by the 
propei\,formula, those of all branch mains and service-pipes are 
easily <h{dnce<l I’rom tln'in by the rule, that, with equal virtual 
declivi(it‘s, tlu^ diamet<‘rs t)f pines are to be proportional to the 
squares of the Ji/lh roots of the quantities of water that they are to 
convoy. 

When a pipe of uniform (liamcU*r has a scries of branches diverg- 
ing from it, so that the How of water thi*ovigh it becomes less and 
less at an iniiform rah', until the* pipe terminates at a dead 
the Tirtual (hielivity go<*s on diminishing, bt‘ing pi*oportion{il to the 
square of (hr distance f rota the dead end ; the excess of the head at 
any point abov'o die liojxl at tlx* dead (*ixl is proportional to the 
cube of the distance from the dead end; and the total virtual 
hill, from the comiiKMUH’ment of the pipe to tne dead end, is one- 
third of what it would have beiui had the whole quantity of water 
Howed aloii^ the i)ipi' without diverging into branch pipes. 

Afl dead ends of [)ipes should be pnwided with scouring-valves^ 
whicli ^phouhl he o])eued from time to time to j)reveiit the accumu- 
lation of de]iosit there. Pipes aliould be li id out and connected 
with each other so as to have Jis few dead (*uds as possible ; and 
with that vitw it is desirable that service-pipes should, if practi- 
cabhvbe connected at both ends with mains, 

'Pho vi.se of loaded valves to moderate pressure has already been 
meiitioiu'd in Article 491, p. 732. „ 
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atjrtrtwa callcSl that of eantltafli^ wrvice^ accoi'ding to which all 
r disinhuting-pipcs axo kept charged with water at all times^ is the 
best^ not only for the oonvenienee of the inhabitants, but also fnt 
the durability of the pipes^ and for the purity of tlie watoi , foi 
pipee, when alternately wet and diy, tend to rust;; and when 
emptied of water, they asp liable to collect ni^t, dust, coal gas, and 
the effluvia of neighbounng sewers, which are absorbed by the 
waW on its re-admission. In order, ho\\<\cr, tliai tlic bj^^tein nf 
constant service may be canned out witli t itu a ncy ‘onl ccunoiny. it 
is neoessaiy that the diameters of the fipis slioui i lu- rarefiiJIy 
adapted to their discharges, und to tht‘ iK v.ition ol the district 
which they are to supply, and that the to\M» lnmld he su<HcieiitJy 
provided with town reservoirs. Wlien the'^e conditums arc not 
fulfilled, it maybe indispciistiblc to pmctiM* tin* s\shin of 
miUent service, especially as legards i-levatMl distmis, that isle 
say, to supply cei-tain districts in succession, tlui mg /-t ilain hours 
of the day. The adoption of this systeiu makes it m n sai^ for the 
inhabitauts to have cisterns in then* liou‘'(*s Itn* the luuposc of 
holding the daily store of water. In the p<MH«*r districts ojl towns, 
it is often advisable to have one huge tank lor a group of siiiull 
houses, instead of a cistern in each house; tiu* tan may he umhu* 
the control of the water- work olliciaN, and*ijia\ lx* iilkd once a 
day, and the householders may he snpplud lioni it tluoty^di Mtndl 
pipes constantly charged, and ina^ thus h.ivc tin conv<*nn‘nee of 
constant service although the supply to tin tank Ls intermittent. 

dOOA. On the subject of the collection, conveyance, and oistribu- 
tion of water generally, special reference may be made to Kanning, 
Water Supply ; Humber, U'atfr Wor/ii< ; K(*j)oit‘4 of the ^lo^eru- 
ment Hydraulic Kngin^er, Queensland ; Latham, Sanitary Evfjin*> fr- 
inge Bobinson, Uydratdic Power, 2nd Ed., 1^9.'^; CViinp, Seuo/je 
Pisfiosaf Works, 2nd Ed., 1894-; Gale, “Loch Katrine Water 
Works,” Trans. Inst. Enyiionrs and Sltipbuildn's in Scotland, 
vols. vii. and xxxviii. ; Erankland, “ Water P ation/' Minutes 
Proceed. Inst. (\A., vols lx\\\. and cxxvii ; and on fli.tt of the 
water supply of towns, to the l^trllamentary Pf/ arts on the supply 
of water to the Metn)polis, and the Pfporti^ ol the lloaid of Health 
on the same subject. 

Addendum to Article 484, p 72^ -S4i|»honK for Ti«1nl Drnliinne. — The * 
waters of the Middle- Level Drainage Canal are discharged o\cr (lie top of an 
embankment through sixteen parallel siphons, each of 3^ feet bore anA 1|| inch 
thick. The summits of the siphons are 20 h'et above, and their lower ends foot 
below, low water of spring-tides. 'lhe\ have flap-vahes, opening drmn stream, at 
both ends; the lower val\e can be made fast uith a bridle roquin^. 'Ihe 
air is exhausted from their summits, when required, by an air-pump Iming three 
cylinders of 15 inches rliaincter and 18 inches stroke, driven by a high-pressure 
steam engine of ten horse power. The door of the easal at the inlets and outlets 
is protect^ by a wooden apron. (.>. llawkshaw, C.K, F.K.S., in the Proceedinys 
Institution of Civil Engineers, Apiil. 1803.) j 
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CHAPTER II|. 

OF WORKS OF INLAND NAVIGATION. 
t 

Skctjon 1. — 0/ Canals. 

501 . CnnniM C'litMMMl - Mt'Icctioii of I^liic: and litircls. — Olilials may 

divided into tliiee (iImssos — 

I. Lfivel (Janafsj <>!• Ditch Catialsy consisting of one reach ovpond^ 
wliicli is at tlui same level lliroiigliout. The most economical 
courw^ for a ouial of thi^* sort is ohvionsly one which nearly follows 
A eont.ovir-lin(‘, t'xcepl wliere o{»])f>rtniiities occur of saving expense 
by crossing a ri<lg«‘ ora valley so as to avoid a long circuit. 

II. Lateral (antals, wliieli connect two ])laces in the same valley, 
and in wliicli, tliereliire, there is no summit level, the fall taking 
jdace in one dki'etion <mly. A latei*al canal is divided into a series 
of level jt'aehes or poiels, connected by sudden changes of level, at 
wliicli tVua’i* arc either single locks or flights of locks, or some 
other means of transferring boats from one level to another. The 
“lift” of a single lock ranges from 2 feet to 12 feet, and is most 
commonly H or 1) feel. lOach level reach is to ho laid out on the 
same ]>rinciples with a level canal. In lixing the lengths of the 
lyoches and the ]K»sitions of the locks, the engineer should have 
regard to the fact that economy of , water is ])S'omotcd by distributing 
s given iall amongst single hx^ks with reatrhes between them, mthor 
than concentrating the whole fall at one llight of locks. 

HI. Canals with Sti/untifs have to be laid out \v;ith a view to 
econoinv of works .^t the j>as.se.s between one valley and another, 
.and with a vimv also to the obtaining of suflicicn" auiiplies of water 
at the summit reaches. The subject of the supply of water lo 
canals will be considered further on. (See ])]). 607 and 809.) 

f')02^ Form niKl UlniriiMiotin of ^^’^nicr-way. — Although, for the 
sake of saving expense in aqueducts and bridges, short portions of 
a canal ;nay be Miad«‘ wide enough for the passage of one boat only, 
the general witUh ought to In* suflicient to allow two Ixiats to pass 
each other easily. 'I’he depth of w'ater and sectional ar<*a of water- 
way slionld b^? sucli as not to cause any material inci'ease of the 
resistance lo the motion of the boat beyond what it would encoun- 
ter in open water. The following are the geneiul rules which fulfil 
those eoiulitions: — . • 
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Least Breadth rU Bottom - 2 x greatest, breadtii of a boat 

Least Depth of Water = foot + greatest drauglit nf a boat 

Least Area of Water^uTai/- C x grentt^si midship seetion of a bo-*.. 

The bottom of the watei*-way is Jiat The sides, wlu 'i of earth 
(which is generally the ca,'ie), shrndd not bo st(‘c|»er than 1^ tD 1; 
when of masonry, they nifty Iwi \ertieal; lint, in that ease, about 2 
feet additional width at the bottom must be given to enable ^^oats to 
clear each other, and if the length tniversi-d be<\\< * n vertical sides 
is gi’oat, as much more additi<tnal \sultlf as iiui^ i- neo^ssiiry in 
order to give sutlicient seetional area. 

The customary dimensions of canal-boats have been fixed with a 
view, to horse-haulage. The most eeomimiiNil use <»f horse-power on 
a canal is to dmw heavy boats at low sjieeds. 'flu* h(‘aviest boat 
that one horse can dmw at a sjiet'd of fituu 2 to 2^ milt‘s an hour 
weighs, with its cargo, about lOo tons, is about 70 jbet huig and 
12 feet broad, and draw.s about 4i feet of water when fully loaded. 
Smaller boats, which a horse can draw at or t miles an hour, are 
of about the same length, 6 or 7 feet broad, and draw about 2^ feet 
of w^ater, 

lloats of the greater breadth above-meiitioned can (‘gsilylie adapted 
to the vaidoiis inetliorls of propulsion by ste.ftn, wlu^tiier by means 
of the screw jiropeller or the warping <*li.iin, or lixed engim>s and 
endless wire ropes. (See Appendix.) 

Ordinary canals are suited to l/oals such as the above. A larger 
class of canals are suited to .sea going ve.s.sels. 

The following are examples of ordinary dimensions of canals : — 

Breadth. lircadtn. Dfpth. 

at liottorm at Top-water. of Water. 

Small canal, 20 feet, ... -15 to nO feet, ... (> feet. 

Ordinary canal,... 40 ,, ... 70 to SO „ .. 10 „ 

Large canal, SO „ ... 140 to ICO „ ...20 „ 

503. Connlriiriiou of n C'aiiul. — lh<* leust e.\pe]j.sive jiarts at a 
canal are those in which the u]n»er part of the wafi r-way is con- 
tained between two embankments and tlie lower partjn a cutting, 
the earth dug from which, together with that ring from the side- 
diains at the foot of the outer slopes, i.s just sullicieiit to fonn the* 
embankments. • 

All canal embankments should be formed and larnmefl in thin 
layei'S. (Article 203, p. 341.) The width of the embankment 
which carrie.s the towdng-path is usually about 1 2 loet at tlie top ; 
that of the opposite embankment at least 4 feet, and sometimes 6 
feetb Each embankmont has a vertical puyjdle wall in its centre 
from 2 to 3 feet thick. (Sefe Appendix, p. 807.) 
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Iq cutting, there should a bench or bejrm of 12 or 14 feet wide^ 
at one side, for the towing-path, find on the o})])osite side a bench 
alNHit 3 or 4 feet wide at the same level. At the feet of the 
Blop^wlijch teriiiinate at those benches, tljere are a pair of side- 
drains, as 'described in A Hide 193, p. 33.5. These side-drains 
discharge tlieir water at intervals into till canal through tubes. 

The surface of the towing-path is usually about 2 feet above the 
wat<T-lev(jl. It is made to slope slightly in a direction away from 
the canal, in order to give a better foot-hold for the horses, as they 
draw in an oblique direction. 

Tlie slopes are to be pitched with dry stone from 6 to 9 inches 
ihick. For the wasli of large boats th^ pitching should be 
increased. 

Occasionally it may be necessary to line a canal wuth concrete, 
or to face the sid<‘s w ith row’s of shcrct-jnling, in order to retain the 
water. 

Natural w'aier-<'(»ur.ses are lobe carried billow tlio canal by moans 
of bridges and culverts, and, if ii(‘eessary, by inverted siphons of 
masonry or iron. WIum- 45 such water-courses are above the level of 
the eaiiab iheir w’jitej’s may bo partly used for supplying it; but 
iiieaiis sluiuld be •jnt^yided for carrying such waters wholly across 
the canal when r<*quired. 

Each ^*oach of a oaual should be provided with waste-weirs in 
suitable ixisiCious, to pr(‘\eut its waters tW>iu rising to too high a 
level; also with sluices, through w’lich it may be wholly emj)tied of 
water for purpost's of repair; and in a I'cach longer than two miles, 
oi* thcreaboiits, there may 1 m‘ stop-gates at intervals, so that one 
division of the reach may bo emptied at a time, if necessary. The 
rectangular channel uiuh*r a bridge-.oroveran aqueduct is a suitable 
place for such gale.s. 

Leaks in canals may sometimes be sto])ped by shaking loose sand, 
clay, linn*, clialf, i'i:c.^ into the w’atcr. ^J’Jie pa Hides are carried into 
the leaks, wdiicli they eventually choke by their accumulation. 

o04. CannI itqucdncla nn«l Fixed Krltlgcx. -A Canal aqueduct, 
like the aqueducts for conduits already mentioned in Artide 476, 
p. 720, is a byitlgc supporting a water-channel. The trough or 
^channel, for economy’s sake, is usually made w’ide enough for one 
boat only. Its bottom is flat, or nearly so; its sides veHical or 
slightly tattering. In aqueducts of tnasoniy, the total thickness 
of material, from the side of the trough to the face of the spandril- 
walJ, is usually^! lbt*t at least at the side furthest from the towring- 
path; at the towing-path side it is suiliciont for a towing-path of 
from 6 ti\ 10 feet wide, and a parapet from 15 to 18 inches thick. 

In Telford’s cast iren aqueduct, known as Pont-y-Cysylte, the 
ehannel is a rectaugidar trough of cast iron, sup|>oHed on cast iron 
> Begmczitad arched ribs of 45 feet span. The trough is of the whole 
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widdi of the bridge, about 12 feet, hik} the towing-j)ath, 5 feet 8 
inches wide, covei*s juirt of the trough. 

The pi'iuciplc of the suspeiisku hruhje is peculiarly well adup^f^'*- 
to aqueducts, V)ecause, as each boat clisplaet^s its own weight of 
water, the only disturbance of the uiiifbnn di .(ributioli ol the load 
is that arising from the bas«ige of men and horses along the 
towing-path. An aqueduct of this sort, designed by Mr. Hoebling, 
with seven si)ansof 1()0 feet, carries a canal 16 feet wide and^ feet 
deep, over the Alleghany Eiver at Piitsbinig. 

Fixed bridges over Cfntah retpiire no spei ial e\plan:o h>n •except 
t-o state that, in the older cxanijdes of them, the v\atcr-way is 
contracted so as to admit me b(»at only, and tlie towing-path is 
only 6 feet wide, or thcreabonls, the he.nlrooni nvrr it being about 
10 feet. Soinetiuies tlio ardiway admits tin* wjiter-eh.'inncd alone, 
while the towing-j)atli ascends to the ajn>ioacli id' tin* bridge and 
descends again, tlie tow-rope being cjist loos • whih* tlie»li(U'se passes 
over. As to bridges for carrying railways ovea- eanals, see Article 
436, p. 663. 

Tunnels for canals usually have the water-way and towing-j)ath 
contracted as already described; and sometinies tin* towing-path is 
disjieuscd with, the boats being pushed (hronglj by ?nf‘ans of poles, 
or by tin* hands and feet of the b<»atmen, Avitli tin* aid of notches 
in the brickwork, or by means (»f the variiuis inethods cS ateiun 
propulsion. 

505. .florrable cross L Canal near witer-leeel aro 

made of timber or of iron, and are capable of bring o}K‘ned so as t<) 
leave tbo navigation el ‘ar, and closed so as tf> form a j)aHsage lor a 
road or railway by one or other of five kinds of moveirieni, viz.^ 

I. By turning about a horizontal axis; II. J^y turning about a 
vertical axis; III. By rolling horizontally; I\^ By lifting verti- 
rally; V. By floating in the canal. As reganls tlio adajdation <>i 
the strength and stilfness of a moveable bridge to (In* greatest load 
which it has to boar when closed, it differs in no n spr et from a 
fixed bridge. But, besides liaving tlie .strength and stiil'iichs required 
in a fixed bridge*, it must fullil some otln*r mnditions, which are 
as follows; — If it turns about an a.xis, it must be so bajanced tlnit 
its centre of gravity shall alvays lie in that axis; if it rolls back- 
wards and forwards it must bo so balanced that its c(*ntre of ' 
gravity shall always lie over the liase or platform on '^hich it 
rolls: in either of those cases it mast have strength suflieient to 
support safely the overhanging part of its own .structure, when 
deprived of direct support; if it is lilted vertical /y, it must be. 
cour terpoised; and if it is carried by a pontoon or float, tliAt float 
must d^place a mass of water equal in wcigfit to the bridge, and 
must have sufficient stability^ (See p. 808.) 
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I. A bridge wliicli tiir^s about a horizontal axis near an end of 
its 8l)an is calle<l a draw-hridg^ It is opened by being raised 
nstp a vortical ]K).siiioii by means of a phiion driving a toothed 
sector. It is best suited for small spans. 

II. A -bridge wliicli turns about a voi*tical axis is called a 
8udng-hrut<jfi. Its principal parts are asy’olluws : — 

A pier of masonry or iron, aiipjK)rting a circular base-plate of a 
dianio'cia- cipial, or nearly eijual, to the breadth of tlio bridge. Tliat 
base-plate has a pivot in< the contrt^, and a circular race or track for 
rollers round tlui circundereiice, as in a railway turntable: 

A roller frame turning about the central juvot, with a set of 
conical rollei’s resting on tlie nice; 

A cii'ciilar revolving [>latforin resting on the pivot and rollers: 

A toothed are fixed to the revolving platform, with suitable 
wheel-work for giving it motion : 

A set of paralhd girtlers, resting on and fastened to tlie revolving 
I»latform, of lh<i strength and sldliiess riujuired by the principles 
already stated, and su|)])orting a roadway. 

The ends of tlie supeiNtrueture are hounded by arcs of circles, 
descrilK'd about tin* axis of motion, and the ends of the roadway of 
tin* approaohe'li must be fbnmd to lit tlu*m * 

III. A rolling bridge has a stnmg frame, supported by wheels 
upon a**line of rails, and having an overhanging portion sufficient 
to span thi^ water-way. When closed, by being rolled forward, the 
rolling frame h'ait's a gap bebwe< n its platform and that of oite of 
the api»roaehes, which gap is tilled by rolling in another rolling 
frame that moves sideways. The lattm’ rolVing frame is rolled out 
cf tlio way hcfori* opening the bridge.. 

IV. A lifting bridge is hung hy»the four corners to four chains, 
which pass omu* pullies, and have counterpoises at their other 
ends. 

V. A floating swing-bridge rests on a caisson or pontoon: it 
is opened and closed by means of chains and windlasses, and, when 
open, lies in a z-ecess in the side of tlie c.,nal made to receive it. 
The pontoon, being made of sheet iron, is so designed as to act as a 
tubular girder when the bridge is closed. 

50C>r Canal i.ocka. — Fig-s. 290, 291, and 202, show the general 
arrangement of the jiarts of a canal look. Fig. 290 is a longi- 
tudinal'\4eotion, (ig. 291, a plan, and fig. 202 a cross-section, look- 
ing upwards. ' 

* For an example of a 8\Tiiig-briiIge on a great scale, reference may be made to 
one plaitned by Mr. Heinans and constructiKl by Messrs. Fairbairn, which carries the 
Midland (ircat Western Railway of Ireland over the entrance to Ix>ugh ^vtalia. 

It has two spans of CO feet each, and is balanced on a central pier of 84 feet 
diametei: It is described in detail In Mr. llumCer's work On Iron Bridgti. 

¥ 
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Its cleJir length should be at least equal to that of the longc^st 

vessel used on tluj eaiial, inoluding the 

rudder; its clear breadtli, one foot more than k 

the gi-eatest breadth of a v<‘ssi;l ; its greatest r 

depth of water should be = Ivi foot + f 1 

greatest dmuglit of a vessel + Tift of the [ v ifd 

lock. Its de[»th from the cope of the side r 

walls to the bottom may be about 2 feet [ '' 

The side walls and floor are recesstal to ^,,^2 

admit of the oj)ening of tin; “ tail-gatf's.” 

The floor is level with tlui bottom of the lower of the two ponds 
to be connected. • * 

B is the Iiead-bat/f with itij side walls and floor, wdiieh are 
recessed to admit of tlie opening of the “ head-gritea” The side- 
walls end in curved wings. The floor^is level with the bottom of 
tlie upper pond. 

C, the tail hayy with its side walls and floor. The side walls 
end in curved wings: the floor in a dry stone j^itchiiig or aprm. 

D, he lifi‘Wally which is usually built like a hoiizorital arch. 

F, the head-gateSy whose lo^er edges, when^sliut, press against 
the head milnre-siUyf. 


•A n 
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* G, the tail-gateSf whoser lower edges, wlien shut, press against the 
UiU mUre-sillj g. 

^5he older locks arc filled -and emptied through sluices in their 
head and tv^il-gates j but now the more geneml practice is to use 
for that ^ju rpo.se culverts e^ftendiug the whole length of the lock, 
with openings into the lock chariiber, through which*^ the water 
can be either admitted or withdrawn. 

Ti/e cylindrical recesses in which the gates are hinged are called 
the hollow fjuoins. ‘ 

The following j)arts of a lock arc usually of ashlar: — The quoin.s, 
hollow quoins, copcj, reccs.scs for the gates (or “gate-chambers ”), 
and mitro-sills. 

The initrc-sills are sometimes faced with wood, to enable them 
tlie bettor to witbstaml the blows which they receive from the 
gates, and to make a tighter joint. 

Tlie floor of the lock is sometimes made of cast iron. (See 
Article 400, p. GOl.) 

The gates an? rnad<! of timber or of iron, and each of them con- 
lista of tlni following principal jMirts; — 

The heel-ppstj about the axis of which the gate turns. This post is 
cylindrical on the rude next the hollow quoins, which it exactly 
fibs when the gate is shut. It is advisable to make it slightly 
eccentific, so that when the gate is opt)ned, it may cease to rub on 
the liollow (Quoins. At its lower end it rests on a pivot, and its 
upfier end turns in a circular %lla.r, which is strongly anchored 
back to the masonry of the side w'alls : 

The mltre-poHtf forming the outer edge of the frame of the gate, 

^ which, when the gate is shut, abuts against and makes a tight 
joint with the mitre-post of the opposite leaf : 

The crpss-ineceSf which extend horizontally between the heel- 
post and initre-post: 

The deadbivg or, covering, which may consist of timber planking 
or iron plates. When it consists of plaiik.s, they run either verti- 
cally or diagonally: 

The diagotiol hradiig^ which, in its simplest form, may consist 
either of a* timber strut extending from the bottom of the heel-{)ost 
to the top of the mitre-post, or of an ireu tie-bar extending from 
the top of the heel -post to the bottom of the mitre-post. 

The** gates shown in the sketch art provided with 6a2anc6-6ari. 
A balance-bar is bolted to the top of the mitre-post, slopes slightly 
upwards, and crosses over the top of the heel-po^, which is moi*tised 
into and has a long aud heavy overhanging end, which acts as 
A counterpoise to bring the centre of gravity of the gate iie.ir the 
heel-post, and as a lever to open and shut it by. 

Soiretimes the balance-bar is disjM^nsed with, and each gate hae 
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one or more rollera under its lowest cross-'^>nr, to assist tlie [)ivot in 
6up|x>rting its weight. Each of those rollei*s runs ii]x»u a quad- 
rantal iron rail on the floor of the gate-chamber. Tliis mode of 
construction is almost alwa 3 's adopted in largo and luia.y gates 
that I'equire chains and wiiidla&scs to opt'ii and shut them. 

The following are some fcf the ordinary dimensions and pix>por- 
tions of locks, in addition to those alrcjuk .stiit(‘d : — , 

The mitre-sills rise from G to 9 inch('s aliove the /looi : 

Versed-sine of mitro-sill, from ^ to of breadth of l.)i U : • 

Clearance in depth of the rece.s.ses for the gates, ^ of thickness 
of gate; clearance in length, j of length of gate: 

Least thickness of the 8i<lo walls at tin*, top, about 4 f(*(‘t. 
Gi’eates't thickn(\s.M at the base, fixed according to the. principles 
of the stability of walls, iisuaDy from } to of the, height: 

Length of side walls of hea«l-bay above gat(*-ch:unber, jibout of 
bnmdth of lock : 

Liirgo conn ter foi*ts oi)po.site hollow quoins to have .stsibility 
enough to withstiunl the ciilculated iruuHcerse thnuit of the gates. 

The longit'ivdinal thrust of the head-gates is bonu? by tin.* side 
walls of the lock-chamber; that of the, tail-gates by tJ^^ side walls 
of the tail-bay. To give the latt(‘r walls sufficient stability, tJia 
rule is to make their length as follows : — 

Breadth of lock x greatest d(»j>th of water -i- 15 feet. 

Vei’sed-sine of lift- wall, from l-12*,h to I -7th ofbr<»a<Uh <»flock. 

Floor of head-bay: least thickness, from 10 indies to 14 inches. 

Floor of lock-cliamber : versed-sine, about 1-1 5th of breadth; 
thickness, from l-15th to ^-3rd of breadth, according to the nature ^ 
of the foundation. * 

Foundations of various kinds have been sufficiently explained. 

It has only to be added that, when a lock is founded on a timber 
platform, longitudinal pieces of timber ext<mding along the whole 
length of the foundation arc to be avoided, kjst they guide streams 
of water along their sides; that transverse trenches under the 
foundation, filled with hydraulic concrete, are a good means of 
preventing leakage; and that, in |X)rous soils, th»j whole space 
behind the lift-wall and under whe floor of the head-bay bo 
filled with a mass of concrete. 

Length of apron frcm 15 to 30 feet. * 

The dimensions of the different parts of the gates are to bo 
computed according to the principles of the strength oS materials. 

It appears that the factor of safety in many actual lock-gates as 
low as or 4. This can only be sufficient by reason of the perfect 
steadiness of the load. ^ * 

507. Inclined Planes an Canale.-— To save the time and 'aciter 
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expended in shifting boats from one level tf another by^lneans of 
locks, inclined planes are used on some canals. Their general 
airangement is as follo’^s: — The ujjper and lower reach of the 
canal, at the places which are *to be connected by inclined planes, 
ar^ deepened sufficiently to admit of tlie introduction of water- 
tight irv'ii 'Caissons, or moveable tanks, under the boats. Two 
parallel lines of rails start fi*om the bottom of the Ipwer reach, 
ascend an inclined plane up to a summit a little above the water- 
lev(d of the u])pcr reacli, and tlnm descend down a short inclined 
plaiui to the bottom ^f the u[)j)er reach. There are two caissons, 
or nidveable tanks on wheels, each holding water enough to float a 
boat. One of these caissons runs on each line of rails; and they 
are so connected, by means of a chain, or of a wire rope, running 
on moveable pullies, that wIumi one descends the other ascends. 
These caissons balance each other at all times when both aro on 
th(^ long incline, because the ])oats, light or heavy, which they 
contain, di^splace exaqtly tlunr own weight of water. There is a 
sboi*t period when both caissons are in the act of connng out of the 
water, one at the upper and the other at the low(*r reach, when the 
bahince is not inaintjiim'd ; and, in order to supply the power 
required at that time, and to overconie friction, a steam engine 
drives the < main ]>ully, as in the case of fixed-engine planes 
balance is not mafntained ; and, in order to supply the power re- 
quir'^^d at that time, and to overcome friction, a steam engine drives 
the main pully, as in the case of fixed-engine planes on railways. 

On some canals vertical lifts with caissons are used instead of 
inclined planes, notably at Anderton, near Norwich ; also in 
France and Helgium. The following are the leading dimensions : — 


Name of Lift, Anderton. 

LHt, 60 2 ins. 

Ijenptli of box between |Tjitr.s, 73 ft. 9 iiis. 

Width of box, 15 ft. 3 ins. 

Dcptli of w’lilei in box, *1 Jt. 6 iu.s. 

Diameter of I'jiiiis 2 ft. 11 *4 ins. 

Wci^lit to be lifted, . t 260 tons, 

Disj)lacement of largest boat, 1 00 toil'. 


Fontiiettes. 
43 ft. 

132 ft. lOA ins. 
17 ft. 

0 ft. f)5 ins. 

0 ft. ins. 
770 tons. 
300 tons. 


Ua Lonvibre. 
60 ft;. G ins. 
141 ft. 7 ins. 
Id ft. 4 ins. 
8 ft. 6 ins, 
6 ft. 6^ iD«r 
1100 tons. 
400 tons. 


In this method of overcoming the difierence of level on a canal 
route, the boats are floated in iron troughs; these are raised or 
lowered by hydraulic power. 

Kecently, what is called a “ Pneumatic Balance Oanal Lock ” 
has l^een introduced on the Erie Canal in America, where there 
is a lift of over 60 feet. ??wo steel chambers for ascending and 
descending boats are used. The lock chamber containing the boat 
is floated ofi compressed air held in the lower part of the casing. 

608. Water Muppij of f^anai*. — Canals are supplied with water 
from ‘gathering-grounds, springs, rivers, and wells, by the aid of 
reservoirs and conduits ; and thein supply involves the same ques- 
tiunVi of rain-fall, demand, compensation, «kc., which have already 
been treated of in Chapter II. of this Part. 
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The denumd for water, in the case a canal, may be estimated 
as follows ; — 

I. Wcbste of Water by leakage of the cliaiinel, repairs, and 
evajwration, day = area of surface of the canal x of a 
foot, nearly. 

II. Current from the higher towards ilie lower reaches, j)ro- 

duced by leakage at the Idtk gates, per day, from 10,000 to 20,000 
cubic feet, in ordinary cases. • 

III. Lockage, or expenditure of water iv jiassing boats from one 

level to another. • 

Let L denote a lockful of water; that is, the volume contained 
in the lock-chamber, b(i tween the up]>er and lower water-levels. 

B, the volume displaced by a boat. 

Then the quantities of water discharged from the up])er pond, 
at a lock or a flight of locks, iind(;r various circumstances, are 
shown in the following tables. The sign prefixed fco a quantify 
of water denotes that it is displaced from the lock into the upper 
pond. 


SiMQLB Lock. 

One boat descending 

One boat ascending, 

2 n boats, descending and) 
ascending alternately, ) 
Train of n toats descending, 

f) n M 

Train of n boats ascending. 
Two trains, each of fii 
boats, the first descend- > 
ing, tlie second ascending,) 


Lock found, Water discharged. Lock left, 

"W- 

empty or lull,. . L + li full. 

de.s<.'eriding full,l i /dc.sccndi^ empty, 

ascending empty/ (ahcctiding full. 

empfy, r. nh — « R ) 

full, (» — 1) L — » Il| 

empty or full,... w L + n R 


full, . 


(2 M — 1) L 


full. 

full. 


Fligut of m Locks. 
One boat descending, 

One boat ascending, 

2 n lioati^ descending and) 
ascending alternately, j 
Train of n boats desccniing, 

»» \\ 

Train of n boats ascending, 

.1 .. II 

Two trains, each of n) 
boats, the first descend- V 
ing, the second ascending,) 


ks founJL 

?ur 



iill, . 

descending full, 
ascending empty 
cini-uy, 
full, . ■ 

empty, 

full, 


Water clisdiargecL Locks left, 

Z B } 

t L -f R^ 

(b — 1)1.— nlif 

w+fi — 1) L 4 n B ) f 
■ » L -I- n B i 


full, (w + 2 » — 2) L full. 


From these calculations it ap]>ears, as has been already stated, 
that single locks are more favourable to economy bf water than 
flights of locks; that at a single lock single boats ascendiifg and 
descending alternately cause less expenditiir^ of water than equal 
numbers of boats in trains; and that, on the other hand, at a flight 
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of locks, boats in tmins cause less expenditure of water than equal 
numbers of boats ascending and descending alternately. 

For this reason, when a long* flight of locks is unavoidable, it 
is uSual to make it double ; that is, to have two similar flights side 
by side — psiug one exclusively for ascending boats and the other 
exclusively for descending boiits. 

Water may be saved at flights of locbs by the aid of Me ponds 
(sometimes called “ lateral reservoirs ’). The use of a side pond is 
to keep for futiiro use a certjiin portion of the water discharged 
from a' lock, when the locks below it in the flight are full, which 
water would otherwise be wholly discharged into the lower reach. 
Let a be the horizontal area of a lock-chamber, A that of its side 
pond; then the voluiiKi of water so siwed is — 

L A (A 4- a). 


I Section* IT . — Of River Navigation. 


500. An €i|>cn Kivrr is one in which the water is left to take a 
continuous declivity, being unintciTuptc<l by weirs. On the sub- 
ject of such streams little has here to be adchnl to what has already 
be(‘ii stated hi articles 4()7 to 471, pp. 707 to 713. The towing- 
path required, if ho.se haulage; is to be emjiloyed, is similar to that 
of a cg^ial. 

Tlie effect of the current of the sti*eam on the load which one 
horse is able to draw against it at a walk may be roughly estimated 
as follows : — 


Load drawn against current = load drawn in still water x 



' V being the velocity of the current in feet ^ler second. 

It would be foreign to the subject of this work to discuss the 
principles of the pro[mlsioii of vessels by steam and sails. 

510. A Canalized Rirer is one in which a series of ponds or^' 
reaches, with a greater depth of water and slower cuiTent than-, 
the river in its natural state, have been produced by means of 
weirs. The construction and effect of weirs have been explained 
in Article 472, p. 713, and the previous articles there referred, to. 

Each w€lil‘ on a navigable river requires to be traversed by a 
lock lor the ])assage of vessels, the most convenient place for which 
is ususilly near one end of the weir, next the bank where the 
towing-path is. The head gates are of less height than the tail 
gates by the lift of the lock. 

611. Morikbie BridKcn ovisr Rivera are identical in principle 
withuthose over canals, and differ from them only in being of 
greater size. Examples of them have already been cited -in 
Article 605, p. 745!:' ^ 



CHAPTER IV. 


OF TIDAD AND COAST WOKKa 

Section T. — Of leaves aihl Tides. ^ 

512. Rlollon of Ordinary %Vnreii. — TllC following description of 
wave-motion in water is founded chiefly on tlui theoretical investi- 
gations of Mr. Airy and othei’s, and the observations of the Messrs. 
Weber and of Mr. Scott Russell, with a ft‘w additions founded on 
later researches. 

Rolling waves in water are propagated horizontally^ the motion 
of eacli pai’ticle takes place in a vertical plau(^, pamllel to the 
diiY^ction of pro|)agation ; 
the path or orbit described 
by each particle is approxi- 
mately elliptic (see fig. 

293), and in water of uni- 
form depth the longer axis 
of th elliptic orbit is hori- 
zontal, and the shoHor 
vertical; the centre of that 
orbit lies a little above the 
position that the particle 
occupies wlien the water is undisturbed ; when at the top of its 
orbit, the paii^iclo moves forwards as regards the direction of pro- 
pagation; when at the bottom, backwards, as shown by the 
curved arrows in fig. 293, in which the straight feathered arrow 
denotes the direction of pro[)agation. 

The particles at the surface of the water describe the largest 
orbits ; the extent of the motion, both horizontally and vertically, 
diminishes as the depth below the surface increases ; but that of the 
vertical motion more rapidly blian that of tho horizontal ujotion, so 
that the deej^er a particle is situated the more flattened is its orbit, 
as indicated at A, B, and C; a particle in contact with thtf bottom 
moves backwards and forwards In a hSrizontal straight line, as at D. 

In water that is deep, as compared with the len^l^ of a wave (or 
distance between two successive ridges on the surface of the water), 
the orbits of the particles are nearly circular, and the motion at 
great depths is insensible. ^ • 






754 


COMBINED STRUCTURES. 


The period of a wave is the time occupied by each particle in 
making one revolution, anl is also the time occupied by a wave in 
travelling a distance t^qual to its length. Hence we have the fol- 
lowing j)roporti<)n : — 

moan speed of a particle circumference of ])articl e*8 orbit 
speed of the waves ~ leiigth of a wave 

The speed of the waves depends pririci|>ally on their length and on 
the depth of water, being greatest for long waves and deep water. 
When ‘ihe depth of water is greater than the longtli of a wave tho 
speed is not sensibly aflTected by tlui depth, and is almost exactly 
equal to tho velocity acquired by a body in falling tlirough half of 
the radius of a circle whose circumference is the length of a wave. 
In water that is very shallow, compared with the length of the 
waves, tho velocity is neaily independent of the length, and is 
nearly equal to that acauired by a heavy body in falling through 
Iwdf the depth of the water added to three fourths of the height of a 
wave. 

Two or more diHerenfc series of waves moving in the same, differ- 
ent, and contrary <lirections, with erjual or unequal speeds, may 
travei’se the aime mass of w'ater at tlie same time, and the motion 
of each particle of water will be the resultant of the respective 
motiohr which the sevenil series of waves would have impressed 
uj)on it had tliey acted separately. This is called the interference 
of waves. 

When a scries of waves advances into water gradually becoming 
shallower, their j)eriod8 remain unchanged,.^ but their speed, and 
^consequently their length, diminishes, and their slopes become 
steeper. The orbits of the particles of water become distorted, as 



at B, CH D, fig. 204, in such a manner that th-i front of each wave 
gradually becomes steeper than the back; the crest, as it were, 
advancing fajtor than the trough. At length the front of the 
wave curls over beyond the vertic^, its crest falls forward, and it 
6rca^s‘'into surf on the beach. 

As tlie energy of the motion of a given wave which advances 



MOTION OF WAVES. 


755 


into shallowing water, or up a nanowiiig inlet, is successively com- 
municated to sinullor and smaller nistsses of water, there is a 
tendency to throw those masses into more and more violent agita- 
tion : that tendency may either take or it may he counter- 

acted, or more than counteracted, hy tin* loss of energy v. Jiich takes 
place through the production of eddies and surge at sudden changes 
of depth, and through fricvtion on the hottom. 

When waves roll straight against a MTtieal wall, as in fig. 295, 
they are reflected, and the partieh‘s of wa^er for a <*ertain distance 
in front of the wall have motions compoiindecl of those cli]^ to the 
direct and to the reflei;ted waves. 

The resiilt.s are of tJie following 
kind: — 'fhe jjartielos in contaet witli 
the wall, as at A, imwe n]> and dow^i 
through a height equal to danhle the 
original height of the waves, and so 
also do those at half a w ave length 
from the wall, as at C; the partieles 
at a quarter of a wave hmgth from 
the wall, as at B, move backwards and forwartls Jiorizf>ntally, and 
intermediate particles oscillate* in lines inclined at vauious angles. 

Tn order that a surface may reflect tin* Avavcs, it is not essential 
that it should be exactly vertical; acec»rding to Scott JJussell, 
it will do so even with a batter of 4;) \ 

A vertical or steep suiface whiph is wholly covereej by the water 
reflects the Avave-motion of thosc» layers of Avatcr Avhieh lie below 
its level, and thus a sunken rock or br<*akAvater, even tlnaigli 
covered with Avater toh, considerable deptli, causes the sea to br(*ak 
over it, and .so diminiskes the energy of the advancing A^^aves. * 

The greatest length of Avaves in* the ocean is estimated at about 
5 GO ftt;t, which corresponds to a speed of about 53 feet ))er second, 
and a period of about 1 i sec onds. Their greatest height is giA'eii by 
Scoresby as about 43 feet, and tliis, Avith the,^j)criod just stated, 
gives 12 feet per second as tin; velocity of revolutioji of the particles 
of water. (See p. 76G.) 

In smaller seas the waves are l)oth lower and sliortei-, and h*s.s 
swift; and, according to Mr. Scott Russell, A\’^a\x*s in att expanse of 
shallow water of nearly nniforln dej)th never exceed in hei^it the 
undisturbed depth of the Avater. But the concentration of energy 
upon small masses of water, which ocpirs on shelving coastft in the 
manner already 8tat<;d, produces Avaves of heights greatly exce(*d- 
ing those which occur in AA^ater of uniform depth, a^ithe following 
examples show. ,, 

Pressures of Avaves against a vertical surface, at Skerryvore as 
observed by Mr. Thomas Stevenson : — * 






Fig. 
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Summer 
« average. 

In lbs. per square foot, 6ii 

In foot of w»aior, 9*8 


Winter 

average. 

2086 

33 


Stormc 

6083 

97 


Greatof?l Injight of breakers on the soutli-west coast of Ii'eland^ 
as observed by tiui Earl of Duiiraven, 1»^0 feet. 

Itoeoiit iiiV(:stigations tend towards tlie conclusion, which is in 
accordance with observation, that every wave is rnoi’e or less a 
“ wave^^of translation,” Getting down eacli particle of water, or of 
matter t uspended in w ater, a little in advance of where it picked 
that particle up, and thus by degrees producing that heaping up 
of water which gath(;rs on a lee shore during a storm. Thi.»» 
property of weaves accounts for the facts, that although they 
tend to undcrniiiie and demolish steep cliffs, thtiy heap up sand, 
gravel, shingle, or such materials as they arc able to sweep 
along, ujion evt‘ry Hat or sloping beach against which they directly 
roll; that th<‘y carry s\u h materials into bays and estuaries ; and 
that when they advance obliquely along the coast they make the 
materials of the beach travel along the coast in the same direction. 
(8ee p. 

513. Tid<*M ill <ii€itjrai. — Tiie gciuiral motion of the tides consists 
in an^xlternate vertical rise and fall, and horizontal ebb and flow, 
occupying an average [leriod of half a lunar day, or about 12*4 hours, 
and transmitted from place to place in the seas like a series of very 
long and sw ift wavtis, in wdiieli t^'o extent of the horizontal motion 
is very much greatei’ than that of the vertical motion. The extent 
of motion, both vt*rtical and horizontal, undergoes variations be- 
•oweeii sj)riiig and neap, whose period is liaT a lunation, and other 
variations whose ])eriods are a whole lunation and half-a>year. 
The propagation of tluj tide-wav(*s is both retarded and deflected 
in gradually shallowing water, the cri*sts of the waves having a‘ 
tcii(l«Micy to bccoivc parallel to the line of coast which they are 
apj)roaching. 

Tides in narrow setis, and in tlie neighbourhood of land generally, 
are modified by the interfei*ence of different series of waves arriving 
by difiereiit ^.•outi's, so as sometimes to present very complex pheno- 
mena.' (See "authorities, p. 766).** In the following examples 
simple cases only are described. 

514. * TIdaf Wnvcn lii a C'Icur and Ocep CJhnauel are analogous tO 
ordinary waves, as repres nted in fig. 293, p. 753 ; but with the 
modification i^hat, owing to the enormous length of the waves ^ 
compipred with the depth of the sea, the extent of horizontal 

is nearly equal at all depths, and the extent of vertical mu** 
auy layer is nearly m the simple propoition of its 
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the bottom. The orbit of each jmrticle is a very long and flat 
ellipse. 

Supposing such a channel as that here considered to have a beach 
of moderately steeji slope at one side, the depth being elsewhere 
uniform, the particles near that beach move in ellipses oituated in 
planes inclined so as to be nearly parallel to the beach, as repre- 
sented in plan in figs. 20(hand 207. In oacli of these figures the 



beach is supposed to be towar<ls the top of thi^ i>age; in fig. 20G 
it lies to the right hand of the direction of advance of the tide wave 
(represented by the feathered arrow) ; in fig. 207, to the left of 
that direction. The following are the motions of a p^irticle at dif- 
ferent times of the tide: — • 


Lunar Time 

Homs after ctunnionly 

High-water. ciilkai. 

0 High-water 

1 Quarter Kbb, 

3 Half Ebb, 

4.J Three-quarters Eb*\.. 

6 Low -water, 

74 Quarter Flood, 

9 Half Flood, 

lO-i Three-quarters Flood, 
12 High- water, 


Rofirence 

totho 

FigUK’S. 


Forward, A 

.'•orward and Seaward, H 

Seaward, (J 

Backward and Seaward, I) 

Backward, E 

Backw'ard and Shoreward, F 

^horewaid, (i 

Forward and Shoreward, 11 

Forward, A 


515. The Tide 111 It Short Illicit or ill any bay gulf, or estutiry of 
such dimensions and figure that high and low- water occur in all 
parts of it sensibly at the same instant, is somewhat analogous to a 
wave rising and falling against a steep wall (fig. 295, p. 755), or 
to the emptying and filling of a I’eservoir. Etich pai*t4cle water 
moves alternately outwards anti inwards during the fall and "rise of 
the tide respectively; and the curiiiut is swifter and stronger 
when the depth of water is greater, ^hat is, dwring tJie second lial/ 
of flood and theflrat half of 

Supposing that the enti’ance to such un inlet runs Jtt> right angle.s 
to the line of coast described in the preceding article, the combina- 
tion of the tidal currents of the inlet with those of the offing, or 
sea outside, produces the results, as regard^ the cuiTents at the 
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«iitr!ince, indicated liy tlic arrows marked h, c, dyf^ h, in figs. 
296 and 297 (whose Itaigtlis denote th<3 sirorigth of the current), 
and explained in tlie following table/ in which outward and 
inward refer to the entrance of the inlet, and forwards and hack^ 
wards to ^iie' directions of ciuTents as comi)ared with that of the 
flood-einrent along the coast: — 


rir..nr lioni.H 
after IIinli-wutiT. 


Time 

conimnnly 


r* * I V’ ( ° Hiffh- water, 0 (Slack-water), 

* f ri K * ‘ Quarter Kbb, Outward, turning forward, 

or Jibb. ^ ^ Outward, 

Second half / 4 .^ Three-quarters Ebb, Outward, turning backward,... 

of Ebb. \ 6 Low- water, 0 (Slack-water),. 

First half < 7 .^ Quarter Flood, Backward, turning inward,..., 

of Flood. 1 y Half Flood, Inward, 

Second ludf iioA Three-quarters Flood Forward, turning inward, 

of Flood, uh High -water,- 0 (Slack- water), 


Reference 
{ - the 
Fu;ui<:«. 

I Strong: 
Weak. 

/ Weak. 
^ I Strong. 


The Iett(!r J iu cjndi figure nuirks the up-sfream corner of the 
entrance as ri'gards tlu^ ilootl-ciirrent along the coast. 

The vohmc of xcater which flows alternately in and out at the 
entranet? of h sliort iid(‘t is nearly etjutil to the space between the 
surfaces of liigli and low-water, as ascertained by levelling and 
ti(h!-gtKges. I’ho mean velodlg of the current througli the entrance 
is nearly equal to that volume divided by the mean sectional area 
of the entran^'o, and by tlio time of rise or fall; and the greatest 
velocity is nearly ('(jiud to 1%07 x i^lK^an velocity. It is best to use 
such calculations only for the ])urposo of computing the probable 
cflcct of alterations. The velocities of actual currents should be 
Vound by observation. 

t316. The Tide* In r^oiig iiilc'U are compounded of a simple 
cm])tying and filling current like that in a short inlet, and a series 
of l)ranch tidal weaves, ])i' 0 ])agated up the channel from the waves 
of the otHng. Iu i •ircr-c/iaa/At?/*’ the alternate currents due to the 
tides are combined with the downward cun*eiit du'' to the flow of 
fri'sh water. 

The tidal wave which is propagated up a long inlet or rivor- 
chauti^l is analogous to those rcpixisented as advancing into shallow 
water iu fig. 294, p. 754. It diminishes in length and increases in 
height pntil it reaches a limit where its further increase in height is 
sto]>ped by friction. Its froitf; becomes shorter and steeper, and its 
back longer and flatter; iu other words, the rise of tide occupies a 
shorter time, Ifctnd the fall a longer time, as the wave advances up 
the chnniud. When a high tidal wave advances into very shallow 
wat<'r, its front sometimes shortens and steeiiens, until at length it 
curls over, like the breaker D in flg. C^94, and continues to* advance 
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rolling and breaking into surf, foIlowQjl by a veiy long flat back. 
The tidal wave is then palled “ bo7'e." The back of the wave 
sometimes bi'eaks up into two or three smaller wa^'cs, and then the 
fall of the tide is interrupted by short intervals of rise. 

To estimate by calculation the velocity of the flood and ebb- 
currents at a given cross-section of a river-channel or other long 
inlet, t\vo longitudinal sections of the surface of tliii water must bo 
prepared fi’oni two sets of simultaneous tide-gauge obscr\^itions, 
made at a series of stations along the Vlianncl and ab<)\ o that 
cross-section, at the two imtaiUs of shirk- water at the cross- 

section respectively. The volume contained Ijctwcen the two sur- 
faces thus determined will bo the volume of tidal water which runs 
in aiid out through the given eross-H'ction ; and this, being divided 
by the duration of flood and ebb resiMHjtively, and by the area, will 
give the probable mean velocities of the euiTents, which, being 
multiplied by 1*57, will give, ap])roximate!y, the proballle maximum 
velocities. The velocity due to tlie fresli-water stream, if any, 
is to be subtracted from the flood and added to tlie ebb. (Sec the 
remark at the end of the preceding article.) 

The tidal waves in rivers are propagated up the declivity of the 
stream, which they often affect at iK>ints ab^ve lluj^level of high 
water in the sea. 

ol7. ActlouM or 'flcleii on CooMtv nnil ChiiiiiielN. — TJie'^OWing 

tide augments, and the ebbing tide diminislics, the speed and 
force of storm waves; and hence tiie observed fact, that the most 
powerful action of such waves on tlie coast occurs after half- 
flood, when the shoreward cuiTciit is strong. The tidal currents 
sweep along with them silt or mud, sand, gravel, and otlie^* 
materials, according to tlie law'si already stated with reference to 
river currents (Article 4G8, p, 708); hence the ebbing tide tends to 
scour and deepen inlets, and the flowing tide to silt them up. 
Fi’om what has been exjdaiued in the preceding article, it 
appears that in shallow -watei there is a tendency for the flow- 
ing tide to become more rajiid, and therefore stronger in its action, 
than the ebbing tide, unless opposeil by a siilficiently strong 
fresh- water cun*eut; and hence the jirevailing tendency^ of the ti(his, 
like that of the waves, is choke and fill iij> estuariei.-, river- 
channels, and other iidets, especially such as are already shallow. • 

A strong fresh- water current may maintain a deep# channel 
against this action of the sea, so fltr' as it is limited in bnyidtli; 
but where that cuirent escapes into the open se^ and is either 
enfeebled by spreading laterally, or has its action on the bottom 
pre vented by floating on the salt water, a bar is fonnc*d*by the 
action of the waves and tides. # 

One of the cliief objects ftf harbour engineering is so to ^manage 
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and modify the action o^. the tidal ciiiTents that the ebb shall 
become stronger than tlic flood, 9 >nd shall scour deep channels and 
remove bars. (See p. 7GG.) 

Section II . — Of Sea Defences.'*' 

518. cjroiiiH, running out at right angles to the coast/ are con- 
structed in the same manner with - groins for river-banks, but 
more strongly. (Article 4GI), p. 711.) They not only inteiTup*" the 
traveUinq of tlie materials of the beach along the shore under the 
infliicnc'^ of oblique waves and of tlie flowing tide, but they also 
cause a pcrinamuit deposit of such materials, and, if gradually 
extended seaward in shallow water, produce a gain of ground from 
the s(?a. Aftiii* th<i spaciis between the groins have been filled up, 
the travelling of shingle goes on ])ast their ends as before. 

Groins are amongst the most efficient means of protecting dykes, 
cliffs, and sea’^-walls, against the undermining action of the sea. 

510. An Kfirthen Uyke has usually a long flat slope towards the 
sea, its inclination ranging from that of 3 to 1 to that of 12 to 1. 
The toj) is level, and usually has a roadway upon it: its average 
usual Insight above high- water-mark of 8])riug tides, is about 6 
fe(!t; it sJiould, if possible, be above the reach of the waves. The 
back blojie has an inclination ranging from that of 1^ to I to that of 
3 to 1. Behind the dyke is a back dmin, or ditch, for the drainage 
of the land, constructed on the same principles with the back drains 
mentioned in Article 483, ]>. 727,jind Article 484, p. 728. . 

In tlio heart of the dyke is a rectangular wall of fascines, con- 
structed like the fascine-work of a river-bank. ’(Article 469, p. 710.) 
^Che fascines may bo made of willow twigs or of reeds. The sea- 
ward slope is faced with fascines. If the top is above the reach of 
the waves the back slojie may be tuiied ; if waves sometimes break 
over it, the top and back require stone pitching. 

520. Stone BiilmrhB withstand the waves best when either very 
flat or very steep. Tliey arc of two piincipal kind** — those with a 
long s]o])e, on which the waves break, as in fig. 294, p. 754, and 
those with a steep face, which reflect the waves as in fig. 295, 
p. 755. 

1. LbJfig^alopmg Butwarha have an vnclination which ranges from 
‘ 3 to 1 to 7 to 1. They are made internally of earth and gravel, 
or of lo&se stones, according to the situation, and are faced with 
blocks, each of which should oe able to withstand independently 
the lifting actiqp of the wavea As to this, see Article 412, p. 618. 
The foot or “ toe” of the slope may be slightly turned up, like that 
of a weir, to prevent the undermining action of the returning 
ourrent, or “ undertoev ” from the breakersL (See Article 472, 
713 .) 

^ also Appendix. 
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To prevent breakera or spi-.iy from gliding np to the tup of the 
elope, and dashing over the sumuiit of the bulwark, the top of the 
elope is sometimes curved upwards, so as to present a concave face 
to the waves; but this is sometimes liable to be knocked down by 
the shocks which it l'ecei^•os ; and in that case it is best to carry up 
the slope in one ])lane, with a level berm or bench at the top of it, 
l^ived with large blocks, atid on that berm to erect a strong j)arapet, 
set so far back that its cope is below the i)lanc of tJie slope. A 
series of level berms, alternating with *flat slopes of the same 
length with the berms, or thereabouts, are very effective break- 
ing the waves and exhausting their energy; the blocks at the 
edges of the berms must bo larger than tlui r(‘st. 

The largest blocks in the facing of tlu‘ slope should be at and 
near half-tide level, because the waves are largest at half-flood. 

When a sloj»ing bulwark stands in deep water, the part below 
low-water-mark may have a steeper slope than th^fb above, ;is 
being less violently acted upon by the waves : for exam])le, IVom 
1 to 1 to 3 to 1 below, and from 4 to 1 to 7 to 1 above. The 
waves will partially break and lose their energy in passing over the 
place where the inclination changes. ^ 

11. A Steep-faced Bulwark or Sea-Wall should bo proj>ortioned 
like a reservoir wall. (See Article 4G5, p. 707.) As to the manner 
in which it reflects the waves, see Article *^12, j). 7/>/). Its cope 
should either rise above the ci’csts of the highest waves, augmented 
as they are in height by the refle<*tion, or, should that be im]>racti- 
cable, that cope should be made of stones, each large enough to 
resist being lifted by the pressure due to the greatest height of a 
wave above its bed, and dowclled to the adjoining cope-stones.* 
The front edge of the cope shoidd not project beyond the face of 
the wall, lest the waves overturn it. The remainder of the wall 
may have a hammer-dressed ashlar or a block-in- course face, backed 
with coursed rubble or with strong concrete, the whole built in 
strong hydraulic mortar, and the outer edges of the joints laid in 
cement. (Article 248, p. 389.) The chief danger to the face of such 
a wall is tiiat air and water should penetrate the joints, and, by 
their pressure and elasticity, cause stones to jump out after receiving 
the blow of a wave. 

The undermining action of the waves on thu ground at the foot 
of a steep wall is veiy severe, and should be resisted by a ilAt stone 
pitching (which should have no bondbr connection with the wall), 
and by a series of groins. The undermining action «nay be some 
what moderated by forming the face of the wall into steps, sp as to 
interrupt the vertical descent of the water. 

There are good* grounds for believing it to be advantageous to 
build sea-walls in coursefi of* stones which stand nearly or^ edge, 
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instead of lying hfn’izontiil^in order that each* stone may always be 
loaded with the whole weight of those directly above it. 

When there is an earthen embankment behind a sea wall, it 
should liav,e a retaining wall at the landward side also, to prevent 
the earth from being washed away by water which may collect on 
the to]). 

ni. Cojnhined Wall . — As the expenSb of erecting a steep or 
vertical wall in deep wat(a' is very great, it is sometimes combined 
in sneh^ situations with h long slope, in the following manner ; — 
From tivi'^ bottom up to near low- water-mark extends a slope of» 
2 to 1 or 3 to 1, terminating in a long level or nearly level berm 
or foreshore r and ou that berm, as on a beach in shallow water, 
is built a steep wall, at a distance back from the edge of the 
slope equal to twice or thrice the length of the slope. 

521. A iirriik water, being placed so as to defend a liarbour or 
roadstead fiAin the waves, dillers from a bulwark by having sea 
at both sides of it. Tlie sitti of a breakwater should be so 
chosen as to pres('nt a barrier to the 'w.ivtjs of the prevailing 
storms, ajid espe(;ia]Jy to thoscj which come along with the flood- 
current. Jt may be jsolat<‘d, and in the midst of the entrance 
of a bay, as at I'lymouth and Ch(*rhourg, oi‘ :t may run out 
from ^he slioro into d(!ep water. In th(^ latter case, the best 
position' for the junction of a single breakwater with the land 
is in general at the up-dream comer of the entrance to the inlet or 
harbour (s(?c Article 515, p. 758), ’for in that position it opposes the 
strongest llo()d-eurr<;iit, and does not interfere with the strongest 
ebb-curi'eiit. The jjrin(*i])les of the eonstruution of the front of a 
^)reakwater are the sjinu? with those de.sQvibed in the preceding 
article with rtjfenmce to bulwarks in deep water. The back of 
a vertical-fronted breakwater is u.sually vertical also; that of a 
Bloi)ing or combi ued breakwater, if intended to be used as a quay, 
is vertical; in other cases it differs from th(^ fiont only in having a 
steeper slope (from 1 to 1 to l.J to 1) and being faced with smaller 
blocks. As to embanking and building under water, see Article 
412, p. 617. When a stage supported on screw piles is used to tip 
the stones from, those piles remain imbedded in the breakwater. 
Their ifliameter should be about ^\jth of their height, so that, 
in veiy det'p w^at(‘r, they may requii*c to be built of sever^ balks of 
timber hooped togetlu‘r, as at Portland. 

Fig. 208 is a sijction of th?. Cherbourg break'water, which com- 
bines the long: slope and vertical face. The base A F is about 300 
feet ; the slope A 13 is 2 ^ to 1 ; B C is 5r* to 1 ; E F, 1 to 1 ; CD 
is a n(‘tp-ly level phitforui, on which stands the wall G, 36 feet 
thick at its base. Ordinary spring tides rise 19 feet, the depth 
at low-water being 40 feet^ * 
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Fig. 299, a section ’of the Plymouth breakwater, illustrates the 
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(As to breakwaters, and sea defenees generally, may iTe consulted 
the works t)f Smeaton and Telford, Sir John Hennie’s works On the, 
Plymouth Breakwater muI On Harbours, the Proceedings of the 
InsiiJbuJiion of Civil Engineers since the cominencc'ment, and Mr. 
Burnell’s Treatise on Marine E ngirwering,) (See alsoi»p.7G6, 793.) 

522. Bciclaimirx liniid. — The ]>rocess of rociainiin*^ or gaining 
land from the sea is to be undertaken with groat cautioji, (‘Sp^ially 
in river-channels and estuaries, le.st it should diinini.^li the tidal 
scour, and so cause the silting up^ of channels and harbours; and, 
in particular, care should be taken that the space hn* tidal waba- 
which is to be lost tlirough the reclaiming of the laud, is exactly 
made up for by deci)enlng or otlKTwi.so improving othcir j)arts of 
the estuary or channel, p In ev(;ry instance in which that jne- ^ 
caution has been neglected, the damage, and in some cases the 
ruin, of the harbour has followed. (See Iteports of the Tidal liar- 
hours Commission,) 

The first operation in reclaiming land is usually to raise its level 
as much as possible by wa/i'pingy or deposition of sediment from 
the tidal water ; witli a view to which the land to be reclaimed is 
intersected by a network of transveree w attled groins, and of longi- 
tudin^ dykes of the same construction. • • 

The ground having been misfid as far as practicable by warj)ing, 
is enclosed with sea-dykes, and drained in the manner describe<l 
in Article 484, p. 727. ^ * 

Section III . — Of Tidal GJumnds and Harhifurs. 

523. The ImprovcmeiU of Tidal Klrera nnd l^Nluaricv d^CTlds 
mainly on the strengthening of the ebbing cvrrent, as stated in 
Ai-ticlo 517, p. 760. With thtft view, the measures to be ad^ted 

3d • 
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are nearly the same with those already described under the head of 
Improvements of River- Channels, Article 470, p. 711, with the 
addition that the space which at* each tide is filled and emptied is 
to be kept as large as possible. For the purpose of concentrating 
the latter jxHtions of the ebbing current upon the deep-water- 
channel, training-dykes may be required. That these may not 
diininisli the quantity of scouring- water, •'.hey should rise but littl^ 
if at all, above low- water -mark of ordinary spring-tides, their posi- 
tion Ixiing marked by means of rows of b(*acons. 

HhoUi'l bulwarks or quays be erected, they should either be so 
placed that the area wliich t]i(;y cutoff by contnicting wide places 
may be compensated for by widening narrow places, or that the 
space whicli tluiy cut off may be compensated for by deepening 
that part of th(i space in front of them .vhich is above low-watej*- 
mark. 

The most important .ijfcct (»f making a deep, direct, and regular 
channel for a tidal riv(‘r (‘onsists in tin; inen'aso in the extent of rise 
and fall of the tide, and l lu* diminution of that steepening action of 
a shallow cliannel on lli<* front of the tide-wave which has been 
ch'scrihod in Article p. 7oS. 

In order to imaHiaso the depth over a har, j)iers or break watera 
iiiiist bo carricsl out so as fo c(mcentrato the current over it, and it 
is heslfj'^if ]»ossil>lo, to make the sj)ace between those piers loklea Wr 
imirdu^ in order hotli to liold scourage- water and to serve as a “ wave- 
trap,” or space for storm- wav (‘s which roll in 4it the entrance to 
spread and exp(*nd thomselAxs in. Wlien there is only one pier, it 
shonld run from the up-stream comer of the pntrance, for the reason 
ex]>laLned in Avtiehj 021, p. 7(52, observing that in deciding which is 
the up-stream eoriier, regard must he had to the flood-current cdoiig 
the shorCj in east;, through the action cd‘ headlands, its dii*ection 
should be different fi-oni that of the flood-current in the open 
sea. 

I’he bar may th\is be swept into deeper water, although it is in 
general impossible to remove it altogether. 

024. A Mroiiriii|R-Ba«iii is a rescrvoir by means of which the tidal 
water is stfired up to a certain level, and let out through sluices, in 
a r^ii stream, for a few minutes at low- water, to scour a channel 
and its \)ar. Tlie outlets of the basin should face as nearly as pos- 
sible tbrc'ctly along the channel to be scoured ; they should be 
distributed throughout its vhole cross-section, that they may pro- 
duce an uniform steady current in it like a river, and may not 
concentmte tneir action on a few si)ots. To carry away gravel and 
largo** shingle, the scouring stream should flow at 4 or fe^t per 
second, and the dipiensions of the outlets should be regulated 
accoidiugly. One of the best examples of such an arrau^ment is 
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at the south entrand^ of the harbour of Sunderland, described by 
the engineer, Mr. Miirniy, in the ProceMings of tlie ImtUuLion of 
CwU Enginjeei's for 185G. The current is let out for 15 iniiiutes at 
low-water; it runs at about 5 feet per second, and is sensible in the 
sea 2,000 yards oil', although it is confined by piei’s for *‘150 yards 
only. 

525. Quays of masonry gre to be regarded as a class of robiining 
walls, the stability of wliich has been treated of in Articles 205 to 
269, pp. 401 to 408, and their constniethwi in Articles ‘11 \, 272, 
pp. 409 to 411. Their ordinary thickness at the bjuse is InjM ^ to j 
of their height. When founded on ])ilcs, the tinilu*i--w'oi« should 
be alwa^^s immersed. (See J^irt IJ., Cha]»ter VL, Section IL, p. 
601.). Tlie face of a stone quay is usually protected against being 
damaged by vessels by means of a network of iquight fender-piles 
and lionzontal femler-wale.^. 

As to timber and iron quays, see Article 460, )>. 110, and the 
other aiiicleti there referrcid to. 

The inner side of a breakwater may form a quay, as already 
mentioned. 

526. i»ic*rii of masonry running out into the s(*a are to be regarded 
as upright breakwaters combined with cpiays, and rt‘(piire here no 
additional explanation. Those of timber and Ti nn are best formed 
of a skeleton framework, 8uj)ported Iw screw-[)il(*s. A timber 
skeleton-pier is often combined with a loose stone breakwabT, in 
which the lower ptvrtsof the post.« are imbedded. 

527. ifo»ins aud itockn — A deep-waler-hasin is a reseiToir sur- 
rounded by quay-w'alls, in which the water is refained when the 
tide fulls below a certain level (usually somewhat above half-tule) ^ 
by a pair of lock-gate- opening^ inwards, of sutlicient size and 
strength. Should the entrance be exposed to waves, a pair of sea- 
gaieSy or gates opening outwards, are also required, to bo closed 
during storms. A deep-water-basin may also be used asascouring- 
basiu. (Article 524, p. 764.) 

A dock di^fei-s from a basin in having a lock at its entraiieo, 
through which ships can ])ass in all states of the tide. (As to 
locks, see Article 506, p. 746.) A hurbour-lock, like a rivei -lock, 
has no lift- wall. In order that vessels may pass easily ir and 
out, the entrances of docks from a river-channel should slant 
wp-siream as regards the ebb-current, , 

One of the best forms of gate for brjiins and docks is a caisHon- 
gadSy being a water-tight vessel of plate-iron, which can be floated 
to or from its seat in the masonry of the entrance, being placed in 
a recess when open. When closed it is sunk by loading it^with 
water, which is i*un into a tank on the top of the caissoR. In 
order to open it, it is floated by emptying that\ank. 
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lif is often convenient, when practicable, to 'conduct a supply of 
fresli water into baHiiis or docks, care being taken that such 
supply is pur<i. 

5i28. liiKiiiiioiiMeM. — The principles which regulate the placing and 
illuiiiinatirg of lightliouses form a subject which can be fully con- 
sidered ill a spe(;ial tr(;atise only, such as tliat by Mr. Thomas 
Stevenson. Wluai a lighthouse is exposoal to the waves, it may be 
either A round i<jwer of masonry, built of hewn stones, dove-tailed, 
tabled, and dowelled to «ach other, as described in Article 4J2. p. 
61 H, Roiy up to tint lev(‘l of liigh-watta* of s|)ring tides, and as much 
Jiigher as Ordinary wav<‘s rise, and high enough in ul! to kec}) the 
lantern clojir of tin*, highest breaking and relh'et^U storm- waves, 
with an overhanging curved cornice to throw their crests hack; or 
it may consist of a skeleton frame of screw-piles and diagonal brac- 
ing, siip])orting a timber or iron bouse and platform; and in this 
case th() jdsiUbrm neiids «nly to be high enough to clear the tops of 
the natural unre(U*cted waves. On the subject of the strength and 
stability of frames sup])orted on serew-])ileH, see Article 403, p. 605. 
In designing tlio frame of a lighthouse to he supported on them, 
regard must b(* had to the pri'ssuni of tlie wind, wliose greatest 
recorded intensity, In ilrihiin, is 55 lbs. per square foot of a Hat 
surface, and about oiic-half of that intensity per square foot of the 
plane fn-ojectioii of a cylindrical surface. 


Additional AinTioarriKs oh Harbour and Sea Works. 

Rlinard— OwiTt/f/tvf Ilyi/rmthf/nes rorlx tie Mer. Brcmncr On Ilm'bours (Wick, 18-15). 
Ihomsis Stevenson On the Dcsnjn and Constntrlion of Harbours 

Ligiithovskh — Snioaton’s AccowH of the Eddystone Etyhtiuuue. Robert Stevenson On the Hell 
liock Luththnnse. Alan St<-voiiMm On the Hkrrryrore hnjhthom», Alim Stevenson, ftudt?nentar p 
Treatise on Lujhfhjnws 'I luiiii.is oiimih (fn I^njhthonse Jilnmimtion. Mitchell’s “ Account of 
I.iKhthouscs im Screw riles," iu the Pi nceeduuts of the Institution of Civil Engineers for 1848. 

Wavus.— J. Scott Russell; 1ie})OitsoftheliiitishAssoeiatwniov\M\. 0. 0. Stokes; Cambridge 
Tiansaetionsy 18 W, 1850. Kiinishnw; i/i,, l,sio. W Froude; Transaetmns of the Institution of 
Naval Architects^ i8(»iJ. Uankliie; Philosoph eat Ti ansacthns, 1863 Watts, Rankino, Napier, 
and RameH, On Sihipbuihhna, isui, Cluldi; Eul Afoto ondoso del Afare, 1866. Calinny: 
I.viin die's Journaly Jiuio aii%' July, 1866. 

llAKiiouKa-^hinios Dcas, Tii^ River Clyde; L F. Vernon Harcourt Harbours and Docks; 
Stevenson, Design and Construction of Harbours. 

Addfndum to Article 512, p. 765 .— IIkight of Waviu*.—TIio height of the wares depends on 
what Is calleil the “Fetch;" that la, the distance from the weather shore, where tneir tor- 
matlon ^mincircca. According to Mr. Thomas Stevenson, the following formula Is ncarlv 
correct •during hciuTr galea, when the fetch is not less than about six nautical miles; helcli't 
in feet - 1'5 X d (fetch in miiitical miles). 

Adhkndum to Article 617, p. 759.— Scourikq Action of Tide.— A ccording to Mr. Thomns 
Stc\cnson|!the sectional area of many estuaries at ItfW water bears a nearly constant proportion 
to the volume of water which runs in aiuJ out at each tide. beiDA from 7} to 10 square feet of 
urea for each 1,000,000 cubic teet ol tidal water. 
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Table op the Hesistance of Materials to StretOhino and 
' TEARii^^o BY A Direct Pull, in pounth avoirdupois p>er square 
inch, * , 

M(><^u 1 u 8 of 

„ flenmty, plasticity, 

Matkkials. or Rosi^tance to e., Ky^istance to 

Tearing. fetching. 

Stones, Natural .\nd Artificial: 


, Brick, \ 

Cement, J 

Glass, 

Slate, 

Mortar, ordinary, 


2S0 to 300 


9,400 8,000,000 

, 9.600 , 13,000,000 

to 13,800 to r 6,000,000 

50 


Metals : 

Brass, cast, 

„ wire, 

Bronze or Gnu jVrtital (Co^jpcr 8, 

Tin 1), 

Copper, cast, .... 

„ sheet, 

„ bolts, 

» wire, 

Iron, cast, various qiialities,« 


„ average, 

Iron, wrought, plates, 

„ joints, double ri vetted. 


single rivetted. 


bars and bolts, 


18,000 

• 9,170,000 

.f9,ooo 

14,230,000 

36,000 

r 

9,900,000 

19.000 

30.000 

36.000 

60.000 

17,000,000 

/ 1.3,400 

14,000,000 

( tu 29,000 

to 22,900,000 

16,500 

17,000,000 

51,000 
36 700 
28,600 
f 60,000 ) 
\ to 70,000 J 

^ 29,000,000 


^ hoop, best-best, 64,000 

j 70,000 ) 

« t to 100,000/ 


„ wire-ropes, , 90,000 

Lead, sheet, 3»3oo 

Steel plates, average, bridge work, 66,000 

„ „ boiler „ 53»ooo 


Cast steel, 70,000 

Tin, cast, « *4,600 

Zinc, 7,000 to 8,000 


25,300,000 

1 5,000,000 
7 20,000 

to f 0,000 
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Tenacity, 

MaTRRlAlA ' cr Resistance to 

Tearing. 

Tinker and other Organic Fibre; 

Acacia, fals(‘. See Locust.” ^ 

^sJi {h'raxlnm eoccdsior)^ 17,000 

Bamboo (liawhusa ^'nmidinacea)^ 6,300 

Ifecch (Fatjiia sylvatica)^ 

{Betida aLha), ie,ooo 

Box {Buxua aeinpermre’iis)^ 20,000 

Cedar of Lebanon (CedrusLihani), 11,400 

Chestnut '{Castartm V e 8 ca)y | 1 3*000 } 

Elm i^Ulnms camf:^d'ris), 

Fii*: BimI Pine {J*hnis sylveslris), | ^ 14*000 
„ Spruce (J <?.rre/.va), 10 400 

Larch {Larix I'Jwopaa), | 

Flaxen Yarn, about 25,000 

Hazel {Corylus AveUana\ 18,000 

Hempen Hopes, frctni 12,000 to 16,000 

Hide, Ox, undressed, 6,300 

Hornbeam (( Uirpinm Jietidus \ . . . 20,000 

Lancewood (Guatteria virgata),.,, 237400 

Leather, Ox, V 4,200 

Lignum- V ita3 (Giiaidcum offid- ) 

9 tale), j ^ 

Locust (liohinia Pseuclo-Acacia), 1 6,000 

Mahogany {SvoietmUi MaJiagorii), | 2i*°oo } 

Maple {Acer cajnpestria), 10,600 

Oak, . European (Quercit^ sessili- f 10,000 

Jlm^atmAQuercv^ pedunGhdaid)y ( to 19,800 

,, American Ked (Qtiercus ) 

«ru6ra), f 

Silk Fibre, /. 52,000 

SyCiimo?'e( A eerPmido-Platcm'iis)^ r 3,000 

Teak, Indian {Tectona grandis), 15,000 

„ African, (]) 21,000 

Whalebone,... 7»7oo 

^ew {Taxus bacccUa), 8,000 


Modulns of 
Elasticity, 
or Resistance to 
Stretching. 


1.600.000 

IjS^O.OOO 

1.645.000 

486.000 

1.140.000 

700.000 
to 1,340,000 

1.460.000 
to 1,900,000 

1.400.000 
to 1,800,000 

900.000 
to 1,360,000 


24.300 


1,255,000 


1, 20b; 000 
to 1,750,000 

2.150.000 

1.300.000 

1.040.000 

2.400.000 

2.300.000 
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II. 

Table op the Resistance op Materials to SnE\niNO and 
Distortion, in pounds avoirdupois per square inch. 


MATKKIAl.a. 

Metals ; ^ 

Brass, wire-drawn,.... 

Copper, 

Iron, cast, 

„ wi-oiiglit, 

TllfBER : 

Fir: Red Pino, 

„ Spruce, 

„ Larch, 

Oak, 

Ash and Elm, 


ResistAiice 

to 

Shearing. 


Transverse 
Elasticity, 
or Resistance to 
Distortion. 




27,700 

50,000 


5,^30,000 
6 , 200,000 
*850, 000 
( #>*,500,000 
[t(» 10,000,000 


500 1(» 800 

• 600 

970 to 1,700 
2,300 
1,400 


62,000 
to 1 16,000 


82.000 

76.000 


in. 

Table op the Resistance of Materials to CRrsmi^ by a 
Direct Thrust, in pounds avoirdupois %>er square inch. 


Materials. 

Stones, Natural A^D Artificial: 

Brick, weak red, 

„ strong red, T..... 

„ fire, 

Chalk, 

Granite, 

Limestone, marble, 

„ gi'anuLir, 

Sandstone, strong, 

„ ordinary, 


Re.sistance 

to 

Crushing. 

(see also ]>age 3 G 1 ). 

550 to 80b 

1,100 

L700 

330 

5»5oo to 11,000 

5»5oo 

4,000 to 4,500 

5 » 5 oo 

3f3ooto 4,.toc 


Rubble masonry, about four-tenths of cut stone. 


2,200 , 


Metals: 


Brass, cast, • 10,300 

Iron, cast, various qualities, 80,000 to 145,000 

„ „ average, , 112,000 

„ wrought, about 36,000 to 40,000 
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^ y Resistanoft 

Materiaia. c to 

Crushing. 

Timber,* Dry, cmsliod along the grain ; 

Ash, 

Beech,' 9>3^o 

Birch, 6,400 

Blue- Gum (Eucalyptiis 8,800 

Box, 10,300 

Bullet-tree {Achraa ISideroxylon), 14,000 

Ciil|acalli, 9^900 

Cecutl* of Lebanon, 5>86o 

Ebony, West Indian (Brya Ebeniis), 19,000 

Elm, 10,300 

Fir: Red Pine, 5>375 6,200 

„ AmericanYcllowPine(jPmmmria&i 7 M), 5>40o 

„ Larch, f 5,570 

Hornbeam 7 » 3^0 

Liguum-Viiaj, 9^900 

Mahogany, 8,200 

Mora (Mora excel sa), 9>90o 

Oak, BrKish, 10,000 

„ Dantzic,...' 7>7oo 

^ American Red, 6,000 

Teak, Indian, 12,000 

Water-Gym (yViatariia neri/olia), 11,000 


IV* 

Table op the Resistance of Materials to Bueakino Acros^ 
in pofUiivh avoirdupois per squa/re hich 

x^ssistance torBreaking, 

Matekiaia or 

Modulus of Rupture.^ 

Stones: 

Sandstone, 1,100 to 2,360 

Sljjte, 5,000 

c 

* The resistances stated are for dry timber. Green timber is much weaker, having 
sometimes only half the strength of diy timber against crusliing. 

t The^modulus of rupture is eighteen times the load which is reouired to break a bar 
of one inch si^uare, siip])ortcd at two points one foot apart, and loaded in the middle 
between the points of support. 
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Resistance to Brep'dngi 
Materials. > or 

Modulus of Rupture. 

Metals: 

Iron, cast^ open-work beams, avemge, 17,000 

„ „ solid rectangular bars, var. qualities, 33,00c to 43,500 

,j, wrought, plate beama, 42,000 

Steel (varies with (fuality, see p. 707 ; also 
Appendix). 

Timber : 

Ash, i2,oocy<i) 14,000 

Beech, 9,000 to 1 3,000 

Birch, 1 1,700 

Blue-Qum, 16,000 to 20,000 

Bullet-tree, 1 5,900 to 2 2,000 

Cabacalli, , 1 5,opo to 1 6,000 

Cedar of Lebanon, 7, 400 

Chestnut, 10,660 

Wcmvmra a\LStr(dis\ 11,000 

Ebony, West Indian, 27,000 

Elm, 6,000 to 9,700 

Fir: Bed Pine, / 7,100 to 9,540 

„ Spruce, 9, 900 to / 2,3op 

„ Larch, 5,000 to 10,000 

Greenheart {Nectandra Rodifsi), 1O.500 to 27,500 

Laucewood, 1 7 , 35 ® 

Lignum- V itie, 12 ,000 

Locust,... .•. 11,200 

Mahogany, Hond^iRS, 11,500* 

„ Spanish, •, 7,600 

Mora, 22,000 

Oak, British and Bussian, 10,000 to 13,600 

„ Dantzic, y.. 8,700 

„ American Bed, 70,600 

Poon, f 3 j 3 oo 

Saul, 16,300 to 20,700 

• Sycamore, 9,600 

Teak, Indian, p 1 2,000 to ‘i 9,000 

„ African, 14,980 

Tonka {pipj&ryx odoratob)^ * 22,000 

Water-Gum, t. 17,460 

Willow (Salix, vai-ious species), 1 6,600 

(See also pp. 790 , 793 - 795 , 798 - 804 .) 



COMPARATITE TaBLR OF FreNCH AND BRITISH MEASURES. 


772 


APPENDIX. 



00 

VO 



o 

• o 

Cl 

o 

CO 

l>« 

lO 


VO 

CO 


CO 

VO 

VO 

H-f 


CO 


Cl 

VO 

CO 


lO 


o 

CO 

Cl 

On 

».*« »OVO 

0\*0 

00 

VO 

o 

VO 

o 

VO 

VO 

VO • 

o 

VO 


CO 


VO 

VO 


-^vo 

00 

On 

Cl 

o 

Cl 

00 


t- 

T|- 

w 

^ M 

•o 

o 

00 

o 

o 

vi 

o 

lo 

-1- 


00 

-mf- 

o 


o 

00 

VO 

o 


•'t* 

Cl 

On 

00 

-1- 



VO 

00 

Cl 

!>• 


Ta 

jM 

o 

H 


o 

|C1 

b 

ICII 


b 

b 

1-+ 


I'-i 

l« 

M 

-t-vo 

iOv 

o 

1.000 

o 

!>• 

CO 


VO 



CO 

c«% 

CO 

CO 00 

0-J 

!>. 

lO 

1". 


VO 

Cl 

•Vf 

VO 

On 

VO 

JC>. 

O 

cj) 

CO 

o 

ON 

p- 

CO 

On 

CO 

CN 

CO 

. CO 

CO 

ON 

CO 

Cl 

VO 

o 00 

CO 

CO 

lo 

lo 

CO 

H4 

o 


On 


•■4 

M 

VO 

VO 

00 

M 00 


ov 


ON 

ON 

CO 

ON 


lO 

Cl 

M 

VO 

ON 

VO 

ON 

i-i 

p 

Ov 

»o 

lo 

I"** 

p 

J-t 

lOOO 

00 

CO 

« 

t- 

Cl 

lo 


b 

Iw 

b 

lb 

1^ 


i'tO 


o 

I’t-I 

IM 

CO 

lb 

b 

b 




APPENDIX. 


7TS 


VI. • 

Table of Specific Gravities of Materials. 


Weight of a oubto 

Gases, at 32® Fahr., and under the pressure of one ib. avo?Jd?poia. 
{atmosphere, of 2116*3 lb. on the square foot: 


Air, ?. 0*^3807 28 

Carbonic Acid, o'i2344 

Hydrogen, 0005592 

Oxygen, •0*089256 

Nitrogen, ^ 0*078596 

Steam (ideal), 0*05022 

-^ther vapour (ideal) 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2137 

Olehant gas, 0*07 95 


Weight of a cubio 
loot in 

lb. avoirdupois. 

Liquids at 32® Fahr. (except Water, 


which is taken at 39®*! Fahr.): 

Water, pure, at 39®*i, 6^*425 

„ sea, ordinaiy, 64’o5 

Alcohol, pure, *. 49 ’3^ 

„ proof spirit, 57 8 

iEther, 1... 44*70 

Mercury, 848*75 

Naphtha, * 5294 

Oil, linseed, 58 68 

I, olive, 57*12 

„ whale, 57*62 

„ of turpentine, 54*3^- 

Petroleum, 5^/8 1 


Specific 

gravity, 

pure water 1. 


1*000 
\ 1*026 
0*791 
0*916 
■0*716 
I3'596 
0*848 
0*940 
0*915 
0*923 
0*870 
0*878 


Solid MiinsBAL Substances, non-metallic : 


Basalt, 187*3 3 '®° 

Brick, 125 to 135 • 2 tp 2*167 

Brickwork, 112 1*8 

Chalk, 117 to 174 1*87 to 2*78 

Olay, 120 1-92 

OoiJ, anthracite, 100 1*602 

„ bituminous, 77*4 to 89*9 l ■24 to 1*44 

Coke, '. 62*43 103*6 1*00 to 1*66 

Felspar, 162*3 . 2*6 

Flint,. >64 ’2 2*63 
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t 

Weight of a cnbie 
foot in 

Spedfie 

gravity, 

• 

lb. avoirdupois. 

pure water » 1 

^UB Mineral Substances — corUvMied. 


Glass, '..rowij, average, 

156 

2*5 

„ ' flint, „ 

.87 

3*0 

» green, „ 


2*7 

. „ plate, „ 

169 

2-7 

Granite, 

164 to 172 

2*63 to 276 

Gj^psum, 

Lii^'stone (including marble),. 

143-6 

2-3 

169 to 175 

27 to 2-8 

^ magnesian, 

178 

2*86 

Marl, 

100 to 1 19 

1*6 to 1*9 

Masoniy, 

116 to 144 

1*85 to 2*3 

Mortar, 

109 

1*75 

Mud, 

T02 

1*63 

- Quartz, 

165 

2*65 

Sand (diiinp), 

I18 

1*9 

.. 

88-6 

1*42 

Sandstone, average, 

144 

23 

„ , various kinds, 

130 to J57 

2*08 to 2*52 

Shale, 

. 162 

2*6 

^late, 

175 to i 3 i 

2*8 to 2*9 

Tmp, 

170 

27a 

Metals, solict: 

Brass, ca.st, 

487 to 524 4 

7*8 to 8*4 

M wire, 

633 

8-54 

Bronze, 

524 

8-4 

Copper, cast, 

537 

8*6 

„ sheet, 

649 ' 

8*8 

„ harainered, 

65 <> 

8-9 

Gold, 

1186 to 1224 

19 to 19*6 

Iron, cast, various, 

43 -t to 456 

6-95 *07 -3 

„ average, 

444 

7*11 

Iron, wrought, various, 

474 to 48, 

7*6 to 7*8 

average, 

Lead, 

480 

7.69 

712 

11*4 

Platinum, 

1311 to 1373 

21 to 22 

Silver, 

655 

10*5 

Steel, t: 

487 to J93 

7*8 to 7 ’0 

Tin, 

456 to 468 

7 3 to 7-5 

^UC, ^ 

424 to 449 

6*8 to 7*2 




'^^*OTss>w»^^'^s)ry^s■ 
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IMBER 

Weight ot a cable 
foot in 

10 . avoirdupois. 

Specifie 
gravity, 
pure water = 1 

Ash, 

Bamboo, 

47 

0753 

25 

0*4 

Beech, 

43 

• , 069 

Birch, 

44 ‘4 

0711 

Blue-Gum, 

525 

0-843 

Box, 

60 

0*96 

Bullet- tree, ' 

*•6 -, -3 

I 046 

Cabacalli, 

562 

• 0*9 

Cedar of Lebanon 

30*4 

,'o- 48 (f 

* o- 5 .t 5 

Chestnut, 

33*4 

.Cowrie, 

362 

0-579 

Ebony, ^Ve^t Indian, 

74 o 

1-193 

Elm, 

34 

0-544 

Fir: Red Pine, 

30 to 44 

q'^8 to 0*7 

„ Spinice, 

3o’to 44 

0*40 to o'7 

„ American Yellow riiie,... 

29 

0*46 

„ Larch, 

3 « to 35 

0*5 to 0*56 

Greenheart, 

62-, 

I’OOl 

Hawthorn, 

57 

1 0*91 

Hazel, 

54 

0'86 

Holly, 

47 

076 

Hornbeam, 

47 

076 

Laburnum, 

Ijaiicewood, 

i>1 

0*9 2 

42 ti* 63 c 

>•673 to 1*01 

Larch. See “ Fii^’ 

Lignum- Vita^,..,.!! 

41 to 83 

0*65 to 1-33 

Locust, 

Mahogany, Honduras, T... 

44 

071 

35 

o-f/) 

„ Spanish, 

53 

085 

Maple, 

49 

079 

Mom, 


0-92 

Oak, Eurojiean, 

43 to 62 

0-69 to 0*99 

„ American IhiJ, 

54 

0-87 

Poon, 

36 

0-58 

■ Saul, 

60 

0*96 

Sycamore, 

37 

0*59 

Teak, Indian, 

41 to 55 

0*66 to 0-88 

„ Afidcan, 

61 

''098 

Tonka, 

62 to 66 

0*99 to 1 -06 

Water-Gum, 

62 5 

> 1 00 r 

Willow, 

25 

0*4 

Yew, 

50 

0*8 

• The Timber in eve^y case is 

supposed to be diy. 
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TABLE OF SQUARES AHD l^IFTH POWERS. 


55 

3025 

5032 8437s 

•66 

31 36 

5507 3*776 

57 

32 49 

6016 92057 

68 

33 64 

6563 56768 

59 

3481 

7149., 24299 

6o 

fi6oo 

7776 00000 

6i 

3721 

8445 9630* 

62 

38 44 

9161 32832 

63 

39 69 

9924 3*543 

64 

40 06 

10737 4*824 

65 

4 * 25 

11602 90625 

66 

43 56 

** 5*3 3*576 

61 

44 89 

* 35 °* *6*07 

68 

46 24 

*4539 33568 

69 

47 '-'I 

*5640 3*349 

70 

49 

16807 00000 " 

71 

50 

18042 29351 


5 t ^4 

19349 17632 

73 

53 -’9 

* 073 ° 7 *593 

74 

64 76 

32190 06624 

75 

56 *5 

* 373 ° 46875 

16 

51 16 

*535525376 

77 

5929 

27067 84157 

78 

60 84 

28871 74368 

. 79 

62 41 

3077056399 

80 

64 00 

32768 00000 

81 

6s'6i 

34867 84401 

82 

67 24 

3707398439 

'83 

68 89 

39390 40643 

84 

70 56 

41821 19424 

85 

72 2S 

44370 53**5 

86 

7396 

47042 70176 

87 

7569 

49842 09207 

88 

77 44 

52773 19168 

89 

7921 

55840 59449 

90 

81 00 

1 59049 00060 

9 ^ 

82 81 

62403 21451 

93 

84 64 

' 65908 15232 

93 

86 49 

69568 83693 

94 

88 36 

73390 409*4 

95 

9025 

773780937s 

96 

93 16 

8*537 *6976 

97 

94 09 

85873 40957 

98 

96 04 

90392 07968 


98 01 

9509900499 
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* T«frm RiidV)hinincy« are exposed to the lateml pressure 
of the wind, which, without sensible ?rror in practice, may be 
assumed to be horizontal, and of uniform intensity at all blights 
above the ground. 

The surface exposed to the pre88ui*e of the wind hy such stmc- 
tures is ujnually either flat, or cylindrical, or conical, and differing 
very little from the cylir^lrical form. Octagonal chimneys, which 
are occasionally erected, may be treated as sensibly circular in*plan. 
The inclination of the suiface of a tower hi* chimney to the verticjU 
is seldom sufficient to be worth taking into account in deteimining 
the pressure of the wind against it. . 

The greatest intensity of the pressurti of tlic wind against a flat 
surface directly opposed to it hitherto observed in Britain, has been 
65 lf>s. per square foot ; and this result, obtained by observations 
with anemometers, has been verified by the effi'cts of certain vio- 
lent storms in destroy aig factory chimneys jind otlier s^'uctures. 

In any other clima^ , before designing a structure intended to 
resist the lateral pre? nre of witid, the greate-st intensity of that 
pivssure should be aseoriained, either by direct experiment, or by 
observation of the effV’ets of the wind on previous structures. 

The total pressure of the wind against tlie side of a cylinder is 
about ontj-half of the total pressure against n diametral plane of 
that cylinder. • 

Let fig. 98 repn^sent a chimney, siptare or circular, and let it bo 
required to determine the conditioi'S of stability 
of a given bed-j'^dnt D K 

Let S denote th(j area of a diameti-al vertical 
sectibu of the [)art of this cliiiniioy above the 
givei* joint, and p the greate.st intensity of pres- * 
sure of the wlbd against a ilat siu'face. Then 
the total pressure of the wind against the chim- 
ney will be sensibly 

P = ^ S for a square ciiimney ; 

P = ^ for a round chimney; j ^ 



and its resultant may, without apprePiablo error, 
be assumed to act in a horizontal line though 
the c&ntre of gravity of ike vertical dia/metral section, 0. 
denote the height of that centre abo^e the joint D E ; 
moment of the pressure is 

H P = HpS for a square chimney 


for a round chimney 
J * 


iey;l 

ey;f 


It H 
ten the 


.( 2 .) 


* Thta ArUole and that on Besenreir Walla, p. 780, are transferred from A Ugnuat 
ApplUi Muhaniet. • 
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and^io Uiis the least momen^ of stability of the portion of the chim- 
ney above the joint D E, iis detemniied by tlie methods of Article 
211, should be equid.* 

For a cliiiniitiy whose axis is vertical, the moment of stability is 
the same iil all directions. But few chimneys have their axes 
exactly vortical ; and the least moment of stability is obviously 
that which opposes a lateral pressure acting in that direction to- 
ward which tlie chimney loans. 

Let (jr be the centre of gravity of the part of the chimney which is 
above the joint D E, iithI 13 a point in tlie joint D E vertically 
bf3low it ^nd let the line l3 E = ^ represent the diameter of that 
joint which tmverses the point B. Let q\ as in former examples, 
represent the ratio which the deviation of B from the middle of the 
diameter 1) 10 boar’s to the length t of that diameter. * 

L(‘t F be the limiting position of the centre of resistance of the 
joint D E, nearest the edge of that joint towards which the axis of 
the chimney leans, and lot q, as before, d(‘no‘ ) the ratio which the 
deviation of that centre from the middle of the diameter T) E bears 
to the lengtli t of that (hniixitor. 

Th(‘n, as in equation 3 of Article 21 1, the least moment of stability 
is donotiid b/ 

W • BF =r (q — ^/) Wt (3.) 

The value of the co-cllicicnt q is determined by considering the 
manner in which chimneys are observed to give way to the pressure 
of the wind. This is generally observed to commence by the opening 
of one of the bed-joints, such as D E, at the' windward sidi3 of the 
‘ chimney. A crack thus begins, which cxtcn(?s itself in a zig-zag form 
diagonally downwards along both sides of the chimney, tending to 
separate it into two parts, an upjHir leeward- part, and a lower wind- 
ward part, divided from each other by a fissure extending obliquely 
downwards from windward to leeward. The final destruction of the 
chimney takes place, eitlier by the horizontal shifting of the upper 
division until it los('s its support from below, or by the crushing of 
a portion of the brickwork at the leeward siue, from the too great 
concentration of pressure on it, or by both those causes combined ; 
and hr either case the upper portion of the structure falls in a 
shower of fragments, partly into the interior of the portion left 
standing, and partly on the ground beside its base. 

It is obvious that in order ‘that the stability of a chimney may be 
secui'e, no bet. -joint ought to tend to open at its windward edge ; 
that is* to say, there ought to be some pressure at every point of 
each feed-joint, excejit the extreme windward edge, where the in- 
tensity "may diminislr to nothing ; and this condition is fulfilled 

ThoBO referencoB are to Artloles In A Manual of Applied Mtchaniu. 
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with sufficient accuracy for practical ^])urposes, by assuming the 
pre^ure to be an uniformly varying pressure, and so limiting the 
position of the centre of pressure F, that the intensity at the lee- 
ward edge £j shall be double of the mean intensity. 

It has already been shown, in Article 205, what values this con- 
dition assigns to the co-efficient^ for different forms of the bed-joints. 
Chimneys in general consist of a hollow shell of brickwork, whose 
thickness is small as compared with its^diameter ; and in that case 
it is sufficiently accurate for practical pu^oses to give to q the fol- 
lowing values : — 


For square chimneys, q 


For round chimneys, q 


1 



1 


.(4.) 


The following general equation, between the moment of stability 
and the moment of tlie external pressure, expresses the condition of 
stability of a chimney : — 

HP = (? — ?') W .(&) 

This becomes^ when applied to square chimneys, 

H/,S=Q-5')w«; 

and when applied to found chimneys, • (9«) 



The following approximate formulae, deduced from these equations, 
are useful in practice : — 

Let B be the menu thickness of brickwork above the joint D B 
under consideration, and h the thickness to which that brickwork 
wculd be reduced, if it were spread out flat upon an area equal to 
the external area of the chimney. That reduced thickness is given 
with sufficient accuracy by the formula 

= *(>-?) •; --W 

but in most cases the difference between h and B may be neglected. 

Let ic be the weight of an unit of volume of brickwork; bc*ing, 
on an average, about 112 lbs. per cubic foit, or, if the bricks are 

3 E • . 
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dense^ and laid very closely, with thin layers of mortar in the joints 
from 115 to 120 lbs. per cubic foot. Then we have, very nearly, 

for square chimneys, 'W’ = 4w;5S; ) /gv 

.for' round chimneys, W = 3'14i(;5S;/ ' 


which values being substituted in the equat^n 6, give the following 
formula^ : — ^ 


For squfCre chimneys, Hp= 4g^^’ic6«; 

For round chimneys. Up = ^1*57 — 6 • 28 5 ^ ; 


.(9.) 


These fomvulae serve two purposes ; first, when the greatest in- 
tensity of the pressure of the wind, p, and the external fonii and 
dimensions of a proposed chimney are given, to find the mean re- 
duced thickness of brickwork, 6, required above each bed-joint, in 
order to insure stability ; and secondly, when the dimensions and form 
and the thickness of the brickwork of a chimney are given, to find 
the greatest intensity of pressure of wind which it will sustain Avith 
safety, r. 

The shell of a chimney consists of a series of divisions, one above 
another^ the thickness being uniform in each division, but diminish- 
ing upwards fixim division to division. The bed-joints between the 
divisions, where the thickness of brickwork changes (including the 
bed-joint at the base of the chimney), have obviously less stability 
fhan the intermediate bed-joints; hence it is jiily to the former set 
of joints that it is necessary to apply the formulse. To illustrate 
the application of the formula;, a table is given on page 7S8, 
showing the original dimensions and figure, and the stability 
against the wind, o(^ the great chimney of the works -of Messrs. 
Tennant & Company, at St. Rollox, Glasgow, which was erected 
frorn the designs of Messrs. Gordon and Hill, and is, along with 
Townsend’s higher chimney, afterwards dcscri^'ed, an interesting 
example of brickwork used in tall structures.'’^ 

i>uiii» or If eaerroir- Walla of masonl^y are intended to resist the 
direct pressure of water. A dam, when a current of water falls 
over its upper edge, becomes^a weir, and requires protection ior 
its base against the undermining action ot the ialling stream. 
Such structures are not considered in the present Article, which 
is confined to walls for resisting the pressure oi water only. 

In fig. .99, let ED represent a horizontal bed-joint of a reservoir- 
'Wiidl, which wall has a^ plane surface O D exposed to the pressure 

•Seep. 788. 
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of the contained 4ater, whose upper surlkce is the horizontal plane 
O Y. Consider a vertical layer of tie wall of the length unity, 

‘ sustaining the pressure of a vei'- 
tical layer of water of the length 
unity also. Then from Articles 
89 and 124 it appears, that the 
total pressui*e exerted ^ against 
^ thatj^er of the wall iS equal 
to tlie*Aveight of the triangular 
prism of water O D K, right 
angled at D, whos^^ tliickncss 
is unity, and whose side D K is 
equal to the depth of the joint 
DE beneath the surface O Y ; and it also appeal's, that the resultant 
of that pressure acts in the lino H C, being a perpendicular upon 
O D from the centre of gravity H of th^ prism of water; so that 




Let G be the centre of gravity of the vertical layer 


of masonry above D E, and G B W a vertical line drawn through 
it ; produce H C, cutting that vertical lino in A take A W to 
represent the weight of the layer of masoniy, and AP to represent 
the pressure of the layer of water; corniileto the pamlfhlogram 
A P B W ; A B will represent the total pressure on the joint D E 
for each unit of length of the wall, and F, where that line cuts 
D E, will be the centre of resistance of that joint, which must fall 
within the limits coijsisterit with stability of position, while at the 
same time the angle A F D must not be less than the complemeufc 
of the angle of repose. • 

To treat this case algebraically, let x denote the depth of D 
beneath the surface of the water, v/ the weight ’of an unit of 
volume of water, and j the inclination of OD to the vertical 
Then the pressure of the vertical layer of water is 


its centre C being at the depth ~ x. 

o 


This force, together with the eqi]|il and opposite oblique com- 
ponent of the resistance of the joint D E at F, constitute a couple 
tending to overturn the wall, whose arm is the perjiendicular dis- 
tance of F from 0 P ; that is to say, 


CIJ-FD siny. • 
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Now C D = and as before, we make ET5 = t, 5TD = 

3 

G+l) t; consequently we have for the arm of the couple in 


question, 


X ■ secy 
3 

( 



t -fliny, 


which bping multiplied by the pressure, gives the moment of the 
overturning couple ; and this being made equal to moment of 
stability of jhe wall, we obtain the following equation : — 


■W-FB=W(^ -seO-wV^ (| + i) tani.„.(3.) 


When the inper face of the wall is vertical, seoy = 1, and tany = 0; 
and the above equation beWnos 


+ (2 a.) 


To obtain & convenient general formula for comparing walls of 
similar figures but diiferent dimensions, let ti, as in Article 211, 
<lenote 'the ratio of the area of the vertical section of the wall to 
tliat of the circumscribed rectangle, so that if w be the weight of 
an unit of volume of masonry, the weight of the vertical layer of 
masonry under consideration is 

W ^ -nwht, 

•• 

where h is the depth of the joint "^3 E below the top of the wall. 
Then equations 2 and 2 A take the following forms : — 

w( 9 '+ gO = seoV-w'aj*^ ^1 + ^^ tany; (3.) 

« (j ± ?') w ; (3 a.) 

• 

— equations analogous to equation 4 of Article 213. To obtain a 
^ formula suitable for computing the requisite tliickness of wall t, let 

sec^y _ 

671(5^+ A " • 


n {q^^q) wh^ 
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e = A-2B«; 

'whicli quadratic equation being solved, gives 

+ ( 1 ) 

or for a wall with a vertical inner face, for wliich B = 0, ^ 

< = ..(4 A.) 

In most cases which occur in practice, the surface of the water 
O Y either is, or may occasionally bo, at or near thd^level of the 
top of the wall| so that A may be made = as. In such cascs^ let 

A w' secy 
6 n ((? + 9') 

cs 2 ^ 


and we have 




which being solved, giv(\s 


(5.) 

and for a wall with a vertical ipner face, 

a? - — 

The vertical and. hoiizontal components of the pressure of the 
water are respectively ^ 

Vertical, Psiny = tany, 

V) 

Horizontal, P cosy = ; 

Consequently the condition of stability of friction ^ the joint D E 
is given by the equation , 

W + P siny ”•2 W + i(/a5^ tany — ^ 



784 


APPENDIX 


If the ratio - has been determined by means of equation 5, then 
we have 


* W = nw at ^ 

X 


so tliat by cancelling the common factor equation 6 is brought 
to tlie following form: — , c 


ft mv - + v/ tunj 
X 

Example I. Rectangular Wall . — In this case w = 1 ; g = 0 = 0 ; 

consequently, 

* IL A 

a = a > ^ ^ i 


equation 5 A becomes 




and equation 8, 


2»\/< 


= A / -fii tan ip; (10.) 

V 2W — 


but it is unnecessary to attend in practice to this last equation, 
which is fulfilled for the greatest values o.f q that ever occur. 
Example II. Triangular WaU^ with the apex at O. 
t \ 

In this case — is the same for every horizontal joint; so that if 

X 

the thickness be just sufficient for stability at any joint, it will be 
just sufficient for stability at eveiy other joint. A reservoir-wall 
-whose vertical section is triangular, may thei’efore be said to be of 
' uniform stability. 

The value of n for a triangje is With respect to the value of 
that case wi^l be considci'cd in which the inner face of the wall 
is vertical, so that (j[ = ^ = 0. 

Then by equation 5 A,*- , 
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“'•> 

ftnd equation 8 

“ a/ (® D s ^ 

® * 


This last equation fixes a limit to the vajue of q, indt'pendentljf 
of the distribution of the pressure on each bed-joint, — 


, « — » * tan" ^ — r. . 
Sw 6 


.( 13 .) 


The insertion of this value of q in equation 1 1 gives 
t _ 

jp "" to ■ tan ((> 


(U.) 


The value of tan 9 for masonry being about 0*74, to being on an 
average 125 lbs. and to' 62*4 lbs. per cubic foot, the limit of q is 
found to be • 

1 • 

0*365 - 0*167 » 0*198, or ^ nearly, 


and that of by equation 14, Is 
sc 

• 0-674 

For biickwork, tan 0 is about the same as. for masonry, and to is 
1 12 lbs. per foot, nearly; hence the limit of q is 

0-327 - 0 167 = 0-16, or g, nearlj, 
while that of • is 0*75. 

X • 

^Esomvple III. Triwngvlanr Wall wUh Vertical When the 

wall stands on a soft foundation, it may be desirable in sonic ca.sca ^ 
so to form it, that the centre of resistance F shall be at the middle 
of each joint, and shall also be vertically beneath the ftntrc of 
gravity of the part of the wall abov^ the joint. In this case, the 
point of intersection A of the lines of action of tht) pressure and 
weight must also fall in the middle of each joint. To fulfij these 
conditions, the vertical section of the wall should be an isdsceles 
tiiangle, the outer and inner faces forming equal angles j on 
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oppo jite sides of the vertical axis of the wall, ancT the angle ^ should 
be ^uch that a straight line ^rpendicular to 0 D at 0 shall biseot 
the base ; that is to say, 



t sin j 

as secy 


2 

“ 3 » 

but 




t 

, (2 a: 

= tany, ' 

whence we have 




sin*^ = -g ; cos^j = j , 




and 



» 


80 that the base of the wall is to its heigh as the diagonal to the 
side of a square. 

Equation 8 in this case becomes 


«•. 


to J 2 +vf 


2 w + w/ — 


.(1(5.) 


This condition is always fulfilled so far as the frictional stability 
of one course of masoniy on anotiier is concerned. As the object, 
however, of giving the wall the figure now, in question, is to dis- 
^ tribute the pressure uniformly over a soft , foundation, let it be 

supposed that its base rests on d material for which tan ^ s= ^ 

Then we must have 


^ 1 . 
2 w ^ w — 4 ' 


and consequently 


«^2(V2-i) 


vf = 2-33 145 lbs. 


per cubic foot; 


and unless the masomy be of this weight per cubic foot, its friction 
OD a horizontijJ base, of a material for whicL tan ^ = ji wU not be 


of itsqlf sufficient to resist the thrust of the water. 

The diagram on p. 787 shows the form and proportions adopted 
by Professor Kaukiue for reservoir-walls of great height. 
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For detailed description see The Eiigimer for January *0, 
1872 (a reprint of tliis paper is embodied in ^lib llaiikino 
Memorial Volume of Selected Tapers). ' 

The lines of resistance lie within, or near to, the middle tbii d 
of the thickness of the wall. The outer and inner ftices are 
logarithmic curves. It is desirableHo give such walls a curva- 
ture in plan convex towards the reservoir, to t^jiinteract the 
tendency of the wall to being bent by the jiressiirc of tlic watei- 
into a curved shape, concave towards tho water. 
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* Dimensions and Stability of the Outer Shell of the . 
Great Chimney of St. Rollox. 








Greatest pres- 

Divisions of 

Heights above 

External 

Tlilrlrnpiaaoa. 

sure of Wind 

Chimney. 

Ground. 

Diameters. 



consisteutwith 

* 





Security. 


Feet. 

^ Feet. Incliea 

Feet 

Inches. 

lb. per square foot 

V. 

\ 435 i 

1 

13 

6 1 

1 

2 



f 35 o.i' 

j 

i 6 

9 1 


— 

77 

IV. *' 


1 

1 

1 

6 



( 2I0i 

24 • 

•0 


— 

65* 

III. 


1 

1 

I 

104 



1 ”44 

1 * 

3° 


. ■ 


57 

II. . 


1 

1 

2 

3 



544 

35 

0 



63 

I. i 



. 1 

a 

74 



' 0 

40 

0 



71 

Foundation. 

Deptli below 

External 


Tliickncsses. 

* Ground. 

Diameter. 

Concrete. 

Brick. 


Feet '■ 

Feet 


Feet. 

Inches. 

Feet 

] 

0 

50 


5 

0 

3 

1 

8 

60 


4 

8 

3 

a j 

14 

50 


25' 


12 

1.1 J 

20 

50 

1 

0 

0 


Totil height fiDin base of foundation to toj) of chimney, 455^ feet 


Townsend’s Chimney, Glasgow. Built, 1857-69. 

\ 

Total height 468 feet. Height from surface of ground to cope, 
4«i4 feet. Extra height of 20 feet of ornamental iron work since 
added, and connected with the lightning conductor. 

Oiitaide diameter at foundations, 50 feet ; outside diameter at 
surface of ground, 33 feet ; outside diameter at top of cope, 1 2 
feet 8 iijches. The sides have a straight batter. The thickness 
varies from 7 bricks at bas^to 1^ brick at top. 


* Joint of least stabilitj. 
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ADDENDA. 


ARTICI.C 3.1, Note, p. 47, insert end of note. • 

^ ** In sarrejs of newl^ settled districts, where it is impracticable to obtain a base bj 
direct measurement with sufficient precision, a base may be mensuieil with Hccur.acjr 
sufficient for ordinary purposes in tlie following manner^t — Ciiuo e, as ends of the 
base, two elevated stations which can bo seen from eacli other, as neajjv as possible 
in the same meridian, and, if possible, 50 nr 60 miles asunder; find theirTatitudes (as 
explained in Article 86 c, p. 129); also find the true meridian, .'iiid the azimuth of 
the base, from the mean of obsei rations made at each of the stations (as explained in 
Article 42, p. 71); compute, by e(tuation 1 of this no e, the length m of a minute of 
the meridian corresponding to the mean latitude; then length of base nearly = m X 
difierence of latitude in minutes x secant of azimuth.'’ • ^ 

Akticlk .57, p. 91. 

Levelling by the Barometer. — To correct the difierence of level given hy the 
formula in the text for variations in the force of gravity, multiply by 

1+000284 cos. 2 X + . 

in which \ is the mean latitude of the two stations, and h the ineanj)f their heights in 
feet above the level of the sea. 


Article 110, p. 171, 


From some experiments made by Mr. R. 1). Napier, funning tlie subject of a paper 
• on friction and unguents, read before the j^biiosopbical Society of Glasgow, on Itilh 
December, 1874, by that gentleman, and experiments made by an eminent foreigner, 
but believed to be not yet puMislicd, it may ue safely deduced tiiat tlie friction between 
two bodies is a function of the force with which they are pressed togetlicr and of their i 
relative velocity of motion. It is further prqjiable that for substances without unjguents, 
the friction increases w'ith the velocity to a certain maximum, and then dimmislies. 
Mr. Napier believes his experiments snow ** that with mineral oils the co efficient of 
friction is less at higher than at lower velocities, and that with animal and vemtable 
oils the reverse is the case;” and further, with the employment of unguents the friction 
has been found to increase with the velocity and vice versd, and also to diminish with 
the velocity and vice versd. A very small co>efiicient of friction was found to obtain 
when a siiinll **qnantity of water was allowed to run on the top of oil.” As Mr. Napier 
points out, there is necessity for further experiment. • 

In a paper, of which an abstract lias appeared in the Coinptes Rendm of the French 
Academy of Sciences for the 26th of April, 18.58, M. H. Bochet dcsciihes a series of 
experiments which have led him to the ^‘:onclusion, that the friction between A pair of 
surfaces of iron is not, as it has hitherte been believed, absolutely independent ol thu 
velocity of sliding, but that it diminishes slowly as that velocity increases, according to 
a law expressed by the following fonnula:— Let * 

R denote the friction ; • 

Q, the pressure ; a , 

V, the velocity of sliding, in mitres per second = velocity in feet per second 
X 0*3048; • 

ft o, constant co efficients ; then 


R 


f+yav 
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Tlie following nre the valaes of the co-eflSciente deduced ty M. Bocliet from his ex- 
perlmei\tB, for iron sarfaces of wheels and skids rubbing longitudinally on iron rails !— 
% for dry surfaces, 0*3, 0’25, 0*2 ; for damp surfaces, 0*1 4. 
a, for wheels sliding on rails, 0‘08; for skids sliding on rails, 0*07. 
y, not yet determined, but treated meanwhile as inappreciably small. 


Article 280, p. 416. 


Line of Pkessurfs in an Arch.— As to the stability of a vertically -loaded arcl^ 
reference may be made to u series of papers wllCch have appeared in the Civil 
JSnuinier and ArchiteeVs Journal for 1861, and in which the figure of the line of 
pressures is show- ^ curve whose ordinates represent 


moments. 


Article 357, p. 509. 


Mean refilits of experiments by \V. U. Barlow, Esq., F.B.S.: — 

Modulus of 
Elasticity 
under Trans- 
verse Load. 
Lbs. on the 
Square Inch. 

Puddled steel, •dpociincn I., 95,233 

,, specimen II., 116,336 62,500 22,964,000 


Proof Strength 

lL SntL 

Square Inch. 


€ast in ingots, i * * 0,5 

Puddled steel, speeiirien III., 60,000 

,, s|)ecimcii IV., 63,750 

„ cpeciineii V., . 52,600 

Homogeneous metal, 100,994 57,500 

Steely iron, , 69,466 52,500 

VVeigK'uf a cubic foot of puddled steel, 485'5 lbs.; of steely iron, 483*6 lbs. 
(See the Kiif/tvcer of 3rd January, 1862.) 


20.544.000 

24.802.000 
22,846,400 
23,833,600 
22,846,400 


AHTirf.K357, p. 509. 

Strength of Colo-rolt.ici> Iuo.n,— The following results were obtained in 1861, 
tlirongb some experiments by Fuirlmirn on the icnaciti’ of iron. (See Manchester 
Transactions^ 10th December, iJ^dl ) 

'I’enaelty. Ultimate 

*' Lbs pt'i* Square Inch. Extension. 

Black bar, 58,627 *200 

Same bar iron, turned, .... 60,747 *220 

Same bar iron, cold-rolled, . . . 88,229 *079 

Cold- rol led phjte, 114,912 


Mean results of experiments by M. Tresca, on bars cut out of cast-steel boiler 


plttcs : — 


Teuaeity. Limit of Elasticity. 
Lbs. on the J.bs ou the 
Square Incp. Square Luch. 


Modulus of 
Elasticity. 
Lba. ou the 
Square Inch. 


Hard steel, untempered, . 74,000 36,000 29,500,000 

tempeicd, . . 103,000? 71.900? 27,800,000 

Soft steel, untempered, 81,700 34,100 24,500,000 ■ 

„ tempered, . . 121,700 105,800 28,800,000 


^ The column headed “limit of elasticity” gives the tension up to which the elonga- 
tion was sensibly proportional to the load. The results marked (?) are doiibttm, 
because of discrepancies amongst the experiments of which they are the means. 

As to' the tenacity of^wronght iron and steel generally, sm Mr. David Kirkaldy’s 
work on that subject, referred to at p, 613. ‘ 
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Articlk 406, p. 6(ff. 

Tubular Foundations. — For excaratiiig the earth inside iron cylinders that ire 
Deing sank for foundations, Mr. Milroy intrmluced the following digging apparatus:— 
A polygonal iron frame is suspended in a horizontal position by means of chains. It 
has hinged to it, by their broad ends, a set of triangular, or nearly trnnralar shovels, 
which, when they are supported by catches in a horizontal po>ition, witrr their small 
ends meeting at the centre of the frame, form a sort of flat tray. When the catches are 
let go, the shovels hang with their points downwards. In this position they are 
lowered, and forced into the eai'tft at the bottom of the cylinder. The pointit of tho 
shovels are then hauled together by means of cliaint^ as to form the tray, which is 
wound up with its load of earth by means of a steam windlass; a tru^’k is wheeled upon 
rails over the mouth of the cylinder, so as to be nndi*r the tray ; the catcln's are let go, 
so as to drop the shovels, and let the earth fall into the truek, which is wliecled away; 
and the apparatus is ready to be lowered again. Dy means of this apparati}^, cylinders 
8 feet 4 inches in diameter, together with the excavation inside, have becfi sunk at tho 
average rate of about a foot an hour, including stoppages to put on new lengths of cvliiider. 
The mlmbers of men employed were, one at tho winding steam engine, six at rollers for 
hauling chains to force the shovels into the ground, and afterwards to pull their points 
together: three at the truck, and one with a shovel and barrov^ ; in all, eleven men; but 
several of those men might l)e saved by w'orking the chaips from the .ste^m engine. 

Article 420, p 628. 

Steam Rollers. — Great advantages arc derived from steam rolling, and it has come 
into very general use latterly on economical grounds. It has been found from experi- 
ence here, but specially on the Continent, that the road wears better, and that thcro is 
naturally less wear and tear of rolling stock. On unrolled roads a gssat deal of the 
metal is crushed, which is simply worn down by friction^upou rolled roads. Tho 
objection that was first raised to tne introduction of rollers was tbejnjury to subwaya 
from their weight. The weight has now been reduced from 36 to 15 tons, w^ch is 
found to be quite sufficient for all purposes. The economy obtained by tbeir employ- 
ment is stated to be about 30 ner cent., which is the amount that is reduced to dust oy 
traffic before tho road is consolidated, on unrolled roads. 

Aiinri.K 434, p. (M9. 

Engines for drawing heavy loads up steep indiimt’ons are soaietimes made with ten ^ 
or even tw'elvc small wheels, 3 or feet in diameter, and all coupled so as to act as ^ 
driving wheels. The lower carriage is joifkted, so as to enable it to ptiss easily round 
curves: the two sets of axles are sometimes coupled by an ingenious system of liuk- 

driving wheels (according to Air. Fell’s invention) are assisted by a set of horizontal 
wheels of tho same diameter, driven at the same speed, and m<.de, by means of springs, 
to grasp a high central rail with the tightness required to produce the necessary 
adhesion. 

Article 430, p. 639. 

Wire Tramways. — The following description of Hodgson’s Wire-rope Transport 
System is abridged from a pnblished pamphlet on that subject ^ — 

Lines of this system . . . may be described as consisting of an endless wire- 
rope, supported on a series of pulleys carried by substantial posts, which are Ordinarily 
about 8U0 feet apart; but. where necessary, inu(!^ longer spans are taken, in many 
cases amounting to 1,000 reet. This rope passes'at one end of the luie round a drum, 
driven by a steam engine, or other available power, at a speed of fram four to eight 
miles an hoar. The boxes in which the load is carried are hung on the ropo at the 
loading end, the attachment consisting of a pendant of peculiar shape, which nitRntains 
the load in perfect e(juillbrium, and at the same tima enables it to pass the supporting 
pulleys with ease. Each of these boxes carries from 1 cwt. te 10 cwt., and tho (lelivory 
IB at the rate of about 200 boxes oar hAir for the entire distance. ... A special 
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aira^gement is made at each end o( the line, consisting of rail^so placed as to receive the 
eiq^U wheels with which the boxes are provided, and deliver them from the rope. The 
boxes thus become suspended from a nxed rail instead of the moving rope, and can be 
run to any point to which the rail is carried, for loading or delivering, and again run 
on to the rope, for returning. The buccession is continuous, and the rope is never 
required to fftop.^ . . . Curves are easily passed, and inclines of 1 in 6 or 7 are 
admissible. . . . The rope being continuous, no power is lost oi} undulating 
ground." 

It* 

<. Article 435, p. 656. 

I c 

Narrow Gauge Railways. — Railways of gauges smaller than that commonly 
called the narrow gauge" are used where the tramc is light, and cheapness of first 
cost is important. Some Norwegian railways have a gauge of feet. 

Tho Fehtjniog Railway in North Wales has a gauge of only 2 feet. The rails weigh 
.30 lbs. to tlie^yurd, and are in Icngtlis of 18 and 21 feet. Tho intermediate chairs weigh 
10 lbs.; tho joint chairs, 13 lbs. Tho sleepers are of larch, 4 feet 6 inches long[, from 
5) to 10 inenes broad, and from 4} to 6 inches deep. At each side of a joint 
they nre 1 foot G inches apart from centre to centre; elsewhere. 2 feet 8 indies. 
Clear width of roadway for a single line, 12 feet; central space of a aonble line, 7 feet; 
clear width, 21 feet. Sharp curves, from 2 to 4 chain.s radius. Steepest gradient on 
passenger line,*’l in 80 nearly ; .elsewhere, 1 in 60. Passenger carriages 10 feet long, 
G feet 3 inches wide, G feet G inches high; lour wheels, 1 foot 6 inches diameter ; wheel 
base, 4 feet ; carry ten passengers, in two row.s, back to back. Knmnc weighs when 
full, 7^ tons; four wheds, coupled, 2 feet diameter; wheel base, 6 feet. Two outside 
cylinders, 8 inches diameter, 12 inch stroke; greatest steam -pressure, 200 lbs. on the 
square incli above atriioaplierc. Water carried in a tank over the boiler; fuel in a 
4 -wheeled tendift'. "I'ho ordinary speed ascending 1 in 80, with a gross load of 50 tons, 
exclusive of engine and Ic.idcr, is 10 miles an hour. As to ^^Fairlle " engines, which 
are weH suited furdiarrow gauge railways, see p. 649. 

Article 445, p. 678. 

Extensive and numerous experiments have been recently made by Mr. Robt. Gordon 
of the P. W. D., India, on tho Trrawaddi, and by Messrs. Humphreys & Abbot on the 
Mississippi, on the vortical distribution of velocities in a current. These, and some 
utlier experiments of less inuguitude, are discussed by M. Dazin in No. 3G of the 
I A nnaJl.es des Ponis tt Cluiusstes for 1875, p. 309. The velocities taken on the samo 
vertical vary as the ordinates of a parabol^; the greatest velocity is generally at tho 
surface, but sometimes below it. The following formula Is proposed : — 

11 = V-M(.»J-a)9; (1.) 

in wliirb r is the velocity at the depth A, which bears to the total depth H the ratio 
V is the m.'ixiiiium velocity, M is tne parameter, a is the ratio of the distance h' of the 
summit of the parabola from the surface to the total depth H. The mean velocity is — 
'ta = V-M(i -« + sa); (2.) 

and the velocity at half depth v. = u + the value of M is 20<v/H7, where I is tho 
inclination of tto bed. * 

Botli'M. Bazin and Mr. Gordon consider <• that the relative velocities at difierent 
portions of a given section are influenced W tho relative roughness of the bed, Wt the 
prowrtions have not yet been definitely fixed by formnls. Mr. Gordon considers 
further tRKt these relations are affected by the depth Of water in the same stream, and 
by the distance or position of the fidr »9 from the sides. 

Article 498, p. 738. 

FiltIiation. — From experiments by M. Havrez (JReoue UniverseSU doB Mines, 
May, June, 1874, and Vol. 39, Pi'oc, Inst, G,E,), it appears that filtration is 
intiuenced by the pressure<and temperature of f he water, the thickness of the filtering 
medium, the size of the grains forming the filter, and their mixture. The delivery of 
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a filter per square foot llr twenty-four hours, is equal to 2*4 cubic yards, multipfied by 
the pressure of the water in yards, and divided by the thickness of the filterin,.; mecyum 
in yards nearly. When lar^ and small grains of sand are mixed the delivery is found 
to diminish, as alro by silting and fouling. Formulas for the velocity influenced as 
stated above, are given in the original paper, to which reference may be made. 

For filtration the upper part of the sand should bo pared off befifi'e it gets clogged, 
and placed inside a box to be washed. The box is made with a false bottom with small 
holes, like tiie tiles used below the sand in the filter beds. Water under pressure is allowed 
to flow into the space between tl)p bottom of the box and the falso bottom, this water, in 
rising up through the holes, causes the sand to be stirred, and the water carrite off the 
dirty particles at the^ top and runs away by an ovmfew. A suitable arrangement of 
materials for a filter is as follows, and arranged in the order given i! to 3 ft.; 

fireclay tiles 10'' x 10" with 50 holes each, 2 iiis ; gravel, (J ins. to 1 ft. ; l-u)ken stone, 
1 ft. 6 ins. to 2 ft. Tlie area of filter bed inav !»»* about 1 sq. v.ird to 700 galls, 
required day. ^ ^ • 

From Dr. Frankland's experimental investigations it appear^ that the bacteria which 
may be present in water can be removed to a large extent by sand flltrutiori, and for 
this reawn slower rates of filtration are recommendoil, varying with the nature of the 
water. The depth and fineness of the sand is of importance. 

Article 230, p. 873 .* » 

Concrete is now largely used in engineering works: such as in harbonr and dock 
walls, reservoir walls, foundations, &c. It is used cither in blocks, made by placing 
the newly mixed concrete in wooden frames, or in monoliths by erecting a casing com- 
posed of planks arranged to the form and height of wall requireil, the concrete i.s then 
placed and spread layer by layer within the casing. On tiie rctnoval of tlie bom ding, 
the exposed faces receive a coat of cement mortar. In some works r^ently executed, 
blocks of from 70 to 850 tons have been used. Concrete in bags has also been used 
successfully for foundation work lu sea walls • 

The essential requisites in obtaining good concrete are strong hydraulic 4inie or 
cement, and clean snarp sand ; the stones should al.so ho clean and free from eartJiy 
matter. Various proportions are specified by engineers according to ^he nature of the 
work. If Portland cement is used it should’ bo fresh, and should stand a tensile stress 
of from SOO to 850 lbs. per square inch, aYter having been made into test bricks, and 
immersed in water seven days. Tlie weight of the cement should be about 112 lbs. 
per bushel. Where strong Compact concrete is required tlie prouortions are usually 
about 1 of Portland cement and 1 of sand, with 4 or 5 parts of broken stone from 2 to a 
inches in size. , 

Articles 856 and 489, pp. 506 and 665. 

Steel is now largely used for rails, tires, sliip and boiler plates, as also for propeller 
blades, and for hollow propeller shafts. In the Bes-serner process a large pear-shaped 
vessel, called the converter, capable of holding three or our tons, composed of 
wronght-iron plates rivetted together and lined with g.Hnnister, is filled with molten 
pig-iron from the cupola, or, in some cases, is filled direct from tbo^ blast furnace ; a 
blast of air is then driven through the liquid mass, by which the silicon and carb>vn 
are cxi^sed. This process, which lasts for about tw'enty ininute.s, is accompanied by 
intense heat, with a orilliant display of flame and sparks from the rno&th of J;he con- 
verter; and the elimination of the’ carooii, &c., is usually dotennined by the eye as 
taking place when the flame drops and becomes of a brownish tinge, it may also bo 
-determmed by the spectroscope through the disappearance of the carbon The 

requisite addition ot carbon and manganese is ^on added by running into the con- 
verter a quantity of melted spiegeleisen or feno-inanganese, and the whole Ls then 
poured into cast-iron moulds 

In the Siemens or Siemens-Martin process a mixture of iron, scrap, and ore is 
melted in an open hearth furnace by means of gas supplied by gas prodnesr^ and 
worked upon the heat regenerative system. After the silicon, carbon, &c., are oxidised 
and addition of the spiegeleisen or ferro-manganese, it is pi^red into cast-iron moulds. 
Tho charge is about ten tons, and the %hole process takes soveral honrSi 
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The ingots of cast Steel are thereafter re-heated, hammered,^ and taken to tberollipg 
milk to bcp turned out as plates. Kails are rolled direct from the reheated ingot. I'fca 
steel prodnced in this manner is known as “mild steel,** and possesses wonderful 
strength and ductility. From a careful investigation of its [properties the Committee 
of Lloyds have adopted the following tests for ship's plates. 

Ultimate tensil«r strength 27 to 31 tons per square inch. 

Elongation 20 per cunt, on a length of 8 inches before fracture. 

Strips heated to low cheny-red, and cooled in water at 82** Fahr., must stand bend- 
ing double round a curve of diameter not more than three times thickness of plate. 

A bout' 28 tons per square inch appears to be about the average strength, with the 
limit of elasticity about one-half*of this, and the elongation about 26 per cent. 

The Board of 'frailc have now allowed the use of steel for bridge structures, with a 
working strength of tons ^er square inch. 

By tne use of steel in ships and bridges a saving in weight is effected of ^oin 16 to 
20 per cent. "Vi’he usual test for steel rails is that of a 1 ton weight falling from a 
height of 6 feet, or a Toad of 20 tons resting mid-way on bearings 3 feet apart. 

u is advisable to drill the rivet holes in steel plates, as punching reduces the strength 
by about 30 per cent.; tbe strength, however, appears to do restored by annealing. 

The shrinkage of cast steel is about double tliat of cast iron. 

Various articles, such as wheels, axles, propellers, &c., are made of cast steel ; these 
have uftorwurds^io be annealed to insure uniformity of strength. 

Heavy steel plates have been used fur armour plating for war ships, and recent 
experimentH seem to show an advantage in nsing a combination of steel and iron, the 
steel pinto being in front. As the presence of phosphorus is detrimental to the pro- 
duction of steel, iuni-|thospliorctic ores have been almost exclusively used. Various 
attempts have, iiowcvio', been made from time to time to make use of the more 
phospnorctic orec, and recently considerable success appears to have acconmanied 
experiinunt.s in this dircctloq, and known as the **Thoma8-Gilchrist” process. In this 
method the cuiivcr(pr is lined with a basic material instead of the ordinary siliceous 
one, foCl at certain stages of the process lime is added; the result being that thfr 
phosphorus uiiitCN with tlic basic material and leaves the iron comparatively tree. 


Aktiglus 429, 430, and ^83, pp. 635, 640, and 647. 

Weioutb of Locomotivish ano Cauuiagkh. — The weights of passenger loco- 
motives are now 40 tons and upwards, with a load oil driving wheels of 15^ tons, tbe 
steam pressure being about 176 lbs to the square inch. Diameter of cylinders 17 inches. 
Stroke of piston 24 inches. Heating snrfaqp. about 1,140 square feet. The weight of 
tender is about 32 tons. Size of driving wheels from 7 to 8 feet. 

In goods locomotive engines weighing about 37.A tons and having six wheels coupled, 
the load on driving wheels is about 13A tons, with stroke of pbton of 26 inches, tlie 
pressure of steam and weight ut tender Ving same as for passenger engines. 

For very heavy trallic j^nginesare used having cylinders of 19 inches diameter, stroke 
26 inches,' heating surface 2,000 square feet, and steam pressure 200 lbs. : the weight 
being 70 tons. Carriages weigh from 10 to 20 tons. 

Article 481, p. 641. 

A mo^pitain failway may be dehned as one in wbicli the gradient is steeper than 
1 in 50. It may be worked either by a fixed ekgiue or locomotives. The former plan 
is adopted for short lengths on lines with easier gradients, the latter for longer lines. 
Nunierou;^. iiiotliods have been employed on diifercnt lines for working steep gradieots; 
the most usual being a rack r.'iil laid down between tbe ordinary rails, in which gears 
a tooth wheel driven by a locomotive, '.and V form guide i dls placed at short ^stances 
along the centre of the way, in which works a horizontal drum, fixed to the locomotive, 
with threads running in opposite directions from the centre. On the other hand, 
gradients of 1 in 14 have been worked, both in ascent and descent, with ordinary loco- 
motives provided with powerful brakes, the wheel base and diameter of the wheels 
being diminished. EnginfS suitable for steep CTadients are not suitable for sharp 
curves, and the powerful engines required, on Cue necessarily short wheel base, cause 
unsteady action, whilst the great weight nos an injuiious lateral effect and grinding. 
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adktt 00 the wheel, anl there is great difficulty in keeping the tubes and fire«box of 
file boiler covered with water. So far, ezperience%aa seemed to be in favour of engines 
on bogies of the Fairlie type. . • 

In the Righi Railway, Switzerland, the gradient is about 1 in 4. There is a rack 
nil in centre. The engine has a vertical boiler. Gauge 1 mbtre. 

The Vesuvius Railway is worked by a fixed engine and wire ropef^ The inclination 
of the line is about 50^. * 


^RTicLE 477, p. 721. 

Cast-iron Water Pipes. — It is u.sual to cast Iho large sizes, and most of tlio 
smaller sizes, of such pipes vertically, the faucet enuring downward** ; in some cases 
the smaller sizes are cast on a slope, slightly inclined to the hori/.oidal. 

The lengths of pipes vary from 12 to 6 feet exclusive oj^the fauceL 
The pipes are coated by dipping them into pans contuniing a hoinng composition of 
pitch ana oil. / « 

The turned and hured ” joint is largely ii^ed ; the parts to be fitted being turned to 
gauges of a suitable taper (auout 1 in 32). Anticorrosive paint or Porthind cement is 
used for coating the turned ])arts before driving home. 


Articles 366 and 377, pp. 520 and 548. See ulso Article ^68, p. 237. 


The following notes on American Bridge Practice are taken from The Transactions 
of the American Society of Ch^il Engineers^ Vol. VIII. : — 

** American bridges ore generally built up from tho following individual members, 
most, if not all the mechanical work upon tnem being done in the shop. Ist. Chora 
and web eye-bars; round, square, or flat bars, with a head at each end, formed by some 
process of forging. These are tension members. 2nd. Lateral, diagbiml, and counter 
rods. 3rd. (loor-beum hangers. 4fcb. Pins. 6th. Lateml struts. 6th. Posts. 7th. 
Top chord sections. The last three being columns formetl by rivetiing together various 
rolled forms; plates, angles, channels, 1 beams, &c. Some are square-ended, oCiers pin- 
connected. These are comprc'-sion members. 8th. Floor-beams and stringers. Tiieso 
consist cither of rolled beams, rivetted«plnto girders, or occasiorally of latticed or 
trussed girders. The proportion of depth to span iu American bridges is from one-lifth 
to one-.seventh. 

" In top chords, posts, ^iid .stmts the strains are ciilculuted by a iiiodiiicutiuii of 
Rankiiie’s formula, as follows ; — 


1 + 


for square-end compression members. 

40000 r* 


8000 

^ — for compression members with one pin aid one square end. 

^+86oo(n» 


8000 

*+20000 r* 


for compression members witli pin beanngs. 


where p = the allowed compression per square inch of cross section. 
I = the length of compression inernbcr, inwnches.^ 
r = the least raitius ot g}'ration of the section, in inches." 


Akticlk 430, p. 636. » 

Traction Engines ere now much used for the haulage of heavy articles, sucii as 
boilm and machinery. In India tl«y have been succesiilully used for hauling goods 

* o F 
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And passenger tredns along the roa/ls, at speeds varying froik four to eif^t milto per’ 
hone. The general design adopted is a vertical boiler and geared enginds, the whole 
resting on a car carried by tliree wheels, the front wheel being used for guiding the 
engine. The wheels are fitted with India-rubber tires, protected mm wear by iron anoes. 

t 

Artiolb 410, p. 614. 

Drbdoino.— The largo dredgers, as now used on our rivers, will lift about 500 tons 
of matervil per hour. 

Barge loading dredgers of 6C> <io 70 nominal H.P., dredging from 6 to 30 feet of 
deptli, will lift about 3000 tons of material per day. 

Hopper dredgers of 100 nominal H.P., dredging at same depth, will lift about 2000 
tons or material and deposit oame 6 to 7 miles off per day. 

Article 431a, p. 6'44. 

Continuous Brakes for Railway Trains.— The use of brake power is now 
considerably extended in railway trafiic, and instead of the brakes being only applied 
on tender and guard's van, the application has been extended to the carriages corn- 
poring the traia. Very consideraole resistance is thus obtuned, and consequent 
cessation of motion at a much earlier period. Various forms of coutinuous brake nave 
been tried recently, and the results of the experiments are familiar to engineers. Some 
of the various forms are the scrow-brake, chain-brake, vacuum-brake, hydraulic-brake, 
and compressed-air-brake, in all of which, by means of mochanism extending below 
tho carringi's and actuated by the ofigiric-driver or guard, the whole or part of the 
wheels of the train can be braked. In the first two methods, rigid or fieiible bodies 
are employed to transmit tl^e power required, whilst, in the others, the same object is 
accomplislicd throi^gh the medium of finids. In the hydraulic-brake, water at a high 
pressure from a pump on the engine is conveyed by a pipe; in the vacuum-brake the 
nir is removed, and in tho air-brake the air is forced under pressure to the points 
required. In the automatic arrangements^ whether of air or vacuum, there are 
reservoirs. It has been found desirable w adopt reservoirs or vessels having pistons 
iinmodiately in connection with tho brako h'oeks, the object in the automatic arrange- 
ments being to keep up a certain condition in the chambers, whether of pressure or 
vacuum, by which, if destroyed either intentionally or accidentally (os through the 
^.breakage of a pipe), the braking action may at once take place. 

In some cases 14 seconds is sufficient to apply the ^^rakes, and fast trains can be 
stopped in about 800 yards. 


Article 207, p. 844. 

Dynamite, a pasty substance composed of nitro-glycerine and an absorbent earth, is 
now largely used as an exjslosive. It is especially effective in breaJdng up large stones, 
blocks of metal, roots of trees, &c., and is of great service for operations under water. 
Smaller bore holes are required than for gunpowder, and o*'ly loose tamping, such as 
sand or water, is employed. In many cases, such as in breaking up boulder stones, the 
cartridge is simply laid on the top of the stone, and covered with clay or sand. It blims 
when in <a loose state on the application of a p^atch, and explodes with great violence 
when fired by a detonating fuse. 

From experiments by Major Mornnt, R.E., India, it appears that only one-half the 
quantity o- dynamite, and one-third of the number of bore-holes, is requlnd to remove 
the same quantity of rock as when smpowder is used. For quarrying purposes gun- 
powder appears, l^pwever, to be prelefred to dynamite, as having less Mattering effect 
on the ro&. 

One great advantage in using dynamite is that in many cases it can be used without 
bore-holes, and when these are used very shallow ones are found sufficient, and do not 
require tamping; with deep holes, clay or sand, tamping appears most suitable. 
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Article 110, p.471. 

• 

CoBFFZOiBNT OF Friotiok. — From experiments made bj Capt. Douglas Galton 
G.B., F.R.S., OR the effect of brakes upon railway trains, it appears that 

QO The retarding effect of a wheel sliding upon a rail is not much less than when 
brak^ with snch a force as would iust allow it to continue to revolve, tfu distance dne 
to fiiction of the wheel on the rail being only about t of the friction between the wheel 
and the brake blocks. 

(2.) The coefficient of irictiaa between the brake blocks and the wheels varies 
inversely according to the speed of the train ; thus, priih cast-iron brake blocks on steel 
tires, the coefficient of friction when just moving was ‘330, 

At 10 miles per hour ‘242 At 40 lyilcs per hour '110 

,, 20 M *192 .50 „ „ JIO 

» 30 „ „ lot 60 „ ..•'b74 


Articlk 021, p. 763. 

Brbakwatrbs. — Concrete enters largely into the formation of Iproakwatcrs anc 
^uay walls, and is made up into blocks of various sizes, or in masses contained in bags ; 
it is also formed into specially moulded sections or cylinders for quay w'alls. 

It is important, where breakwaters are concerned, that the blocks should be large 
and carefully set, so that the action of the waves and the air during the surging action 
m^ have no crevices or open joints to work into. 

Many devices have been resorted to to give the building a monolithic character. A 
good foundation is first of all to be obtained and the blo^s carorully^et thereon. In 
some instances, the blocks have been set on the clay of tli% bottom after the sand had 
been removed, in others concrete in bags was deposited from a hopper barge, and these 
allowed to take there own position, and again, masses of rubbish have been lufff down, 
won which the large concrete blocks were set. (Sec a paper by Mr. M. Scott, 
Procetd. C, Eng. for 1858; also Tram. Jtisl. Enginetrs and Shi^, builders in iicot- 
land, vol. xxxvi., 1892-^13.) 

The blocks are in many cases set with a slope, so as to break the forco of the weaves, 
and in some cases are moulded sufficiently broad so as to stretch across the whole width 
of the breakwater; in other tases there are two or more blocks to the width, hut the 
joints in the interior of the work are sometimes a source of weakness. ‘ 

'I'he blocks may be jo^leu together, but in this- case there must be a good fit to 
prevent movement ; dow^ of iron are also resorted to to bind the work together. The 
weights of blocks used in some recent examples of breakwaters abroad varied from about 
20 tons to 60 tons; the slopes at which the blocks were set varied also, 1 in 4 and 1 in 6 
being in some cases adopted. 

The proportions of tne materials used in such concrete has sometimes been as 
follows:- 

Portland cement. 1 part. 

Sand, 2^ . 

Broken stpnes, 2| ins. gauge, . . • 

Akticlr 410, p. 615. 

• 

Some of the dredgers used on the Uiver Clyde m^^nre 161 feet long by 23 feel broad 
and 10 feet deep, and have engines of 75 nominal diorse-power. fhev can dredge in 28 
feet of water and are fitted with a single bucket ladder. With such a machine upwards 
of 400,000 tons of material have been dredged during a year’s work, extendiog to about 
2,7oO hoars. . * 

Some of the double bucket ladder dredgers measure 156 feet long by 82 fi^t broad 
and 10 feet deep, the engines being 60 numinal-horse power, #nd can dredge in 32 feet 
of water. A year's work of about 2,6b0 hours gives about 633,000 tons of material 
raised. 
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Abi^cle 485, p. 656. 

T^e mge or distance between the rails as now used, is somewhat varied ; thus, fat 
England and Scotland it is usually 4 feet 8^ inches, although the Festiniog Railway in 
Wales has a gauge of 1 foot llA inches. In Ireland it is 5 feet 3 inches; in Spain 5 
feet 6 inches; in Ir.dia 2 feet 6 inches, 8 feet Sg inches (t.e., metre gauge), and 6 feet 6 
inches ; and recently in Canada a railway has been constructed of 8 feet 6 inches gauge — 
the rails weigh 5G lbs. per yard, and are Rat bottomed, being fastened to the 'sleepers by 
spikes. The gauge in the United States is principally ^ feet and 4 feet 9 and 5 feet. 

AAtiglb 864, p. 519. 

From a comparison of the strength of iron and steel wire ropes, it appears that the 
steel rope is nearly double th^ strength of the iron rope. The folioenDg formula appears 
to give thebreat'ing strength of wire ropes sufHciently accurately for practical purposes— 


L = 14x 



for iron wire ropes 


L = 25*x 



,st 


Where L *= breaking load in tons, and C =* circumference of rope in inchea. 

When tho speed of working is high, otip tenth of the breaking load should be taken as 
the working load. 

The same rule^ae applied to hemp ropes, gives 






Transpoki’ku lliUDORS -Tlie ;0 bridge j are designed partly on the suspension 
principle, so far as the carrying of tho load is concernecL The travelling load does not, 
however, as in the suspension bridge, pass along a platform supported from the cables 
stretched from tower to tower, hut consists of a car suspendel from a trolley which 
runs on rails fixed to a girder stretching across botwoon*'the towers at a sufficiently 
high U'Yol to permit of shipping passing beneath. The^carH are sufficiently large to 
curry several liundreds of passengers at a t'me, as well m vehicles. Electno motors 
are used for the propulsion of the trolley. 


Aktici.e 433, p. 645. 

Locomotives.— From^ experiments on locomotives* Mr p. Drammond has found 
that there is a decided gain in the use of increased pressure— thus, in the case of two 
siicUar enmnes, one of which used steam of a pressure of 175 lbs. and the other of 200 
lbs., the following results were obtained The weight drawn was, in each case, 217 tons. 
With tho lower .pressure the speed was 46*207 mues per hour; the coal per mile* was 
47*120 1V)S.. and* the water evaporated per lb. pf coal was 5*835 lbs. With the higner 
pressure, the speed was 49'601 miles; the coal 41 029 lbs., and the water 6*945 lbs. 
The engines had cylinders of 18 inches diameter and 26 inches stroke. The total horse- 
power ruhs about 1,000, of which about three-fourths is effective. 


'* See Minutes Proceed. Inst. C.E.^ vol. cxxvii. 
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Akticlk 150, p. 227. • 

Corbuo'ated Flurs.— From recent experiments on steel corrugated fttiesbf Mr 
Parker, of Lloyds*, the following formula kre proposed for strength 

Ultimate crushing strength in lbs. per square inch = 
where t b the thickness of plate, and d the mean diameter of furnace. 

Working strengtif in lbs. per square inch - ^2^^- • 

where T is the thickness of plate in sixteentiis of an inch, and i) tt>d greatest 
diameter of the furnace in inches. With the latter rule the margin uf safety appears 
to be fully 5. * 

The experiments were carried out with a flue having a corrugati^iel^ inch deep 
and 6 inches apart. The steel plate showed a tenacity af 22 7 tons per square inch, 
with an elongation of 85 per cent, in u length of 10 inches. 

Auticlk .j3U, p 402. 

Preservation of Iron. — Recently some new processes have been developed for 
Ihe preservation of iron trom rust. One, known as fiarffb process, consists in placing 
the articles in an air-tight oven, where they are heated to a cherry red, a current m 
superheated steam is then allowed to play upon them, and through its decomposition 
the oxygen uniting with the iron foims u coating of magnetic oxide of iron. Bower’s 
process appears to attain tiie same result through the medmni of carbonic oxide gas 
and air at a high temperatui o. ^ 

Article 388, p. 586. • 

Manganese Bronze. — The strength and freedom from corrosion of rJungoneae 
bronze constitute it an excellent material for screw jtropellcrs, us blades of fighter 
section can be used than are required for steel. 

The traiibverse strength appears to be about double that of gun-inetal and steel, and 
ts tensile strength vai'ics from 24 to 40 tdii.s per square, inch. 

* Article 439, p. 666. 

• 

Nickel Steel. —This steel gives a Jiigh tensile strengtli and limit of elasticity. 
Its ultimate strengtli being about 60 tons, and elastic limit 28 tons. Uarbon mild steel 
giving about 28 tons ultimate and 14 tons elastic strength. 

Article 469, p. 609. 

Water MbtkbS. — Kennedy’s water meter has the pistons made of vulcaiiitc, and 
the water ways are protected from corrosion by trealmcnt with Ibrlf’s oxidising 
process, for which see p. 793. • 

Article 477, p. 720. • 

Water Pipes.— When the diameter of tho pipe is great, 8*y 3 feet or 4 feet, it is ^ 
advbable to cast the lengths without sockets and connect them by a collar of steel 
plate rolled to the required size, a lead space being provided for. Wherasockets are 
used on such lai/e sues it is of advantage to sti^'iDk on the sockets ring.') or hoops of 
iron or steel * ^ 

Article 430, pp. 635, 639. 

Cable Tramways.— Cable tramways have now been used with succeusAil results 
in some of the large cities in the United States and Europe. 

In San Francisco an eudless steel wire rope, 3^ inches in circumference and 11,000 
feet loDfb b supported on sheaves il inches in diainetrr, placed 89 feet apart, the 
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whole luring in an iron tube placed between the car rails and beneath the roibirajr, 
which an opening of about three-qaai*,ers of an inch wide is lefbr 

Through this opening the connection between the car is made, and consists of an 
arm, which grips the rope when tho car is' to be set in motion. The rope is kept 
constantly going by means of a powerful steam engine. Additional aheares are 
arranged at changes of direction of toe rope. 

The rope pas'^es ^{und grip pulleys at tne engine house, 8 teet in diameter. 

The cars are said to be more easily started and brought to rest than when drawn 
by horses. The stoppage is effected oy allowing the ** grip ** to slacken its hold of 
the rope, and putting on tho brakes ' 

In Chicago about 20 miles off.^^ese tramways are laid down, some of the ropes 
being over 27,000 feet in length, iniese ropes are made of steel l|-inch in diameter 
and nave a breaking strength of 39 tons. 

Strenoth of Lkathkk l8i:r.Ts. — Ultimate strength about 3200 lbs. per sq. inch; 
working strength about one -eighth of this. 

2-in^ cotton rope, working strength — 600 lbs. 

Auticlk 304, p. 619.— Strknoth op Wirks. 

Pure Copper wire, . . > . • about 18 tons per sq. inch. 

Phosphor bronze, . . . . „ 4^ „ „ 

Steel wire,«. . . • . . . 90 to 140 „ „ 

Artici.b 378, p. 360. 

The cantilever form of bridge, whicii has been tried on several occasions in America, 
and has now on a great scale been exemplified in the Forth Bridge, is an economical 
form of bridge for large sp<ins— viz., those exceeding 600 Aet — where scaflblding cannot 
oe erected to build the structure. 

The Niagara cantilever brjdge crosses the Niagara River about two miles below 
the Falls, and is close to the Railway Suspension Bridge (illustrated at p. 681). The 
river gorpe here is alJout 860 feet wide and 210 deep to surface of river, whi(^ flows at 
that part at tho rate of about 16 miles an hour. The bridfw was erected in eight 
months. Each cantilever measures 895 feet in length, whilst the intermediate span is 
120 feet. 

Tho tower posts, lower cliords, centre ami end posts of cantilevers, pins, and top 
castings for towers are of steel, tlie other parts are inninly of wrought iron. 

The towers arc 132 feet liigh, and are composed of four ntf».in posts suitably braced 
^Tho upper chords of tiie shore arms receive alternate tensi'e and compressive strains. 

The bridge was designed for the following live loads ; — . 

A train on each track, the engine having 72^000 lbs. on three pairs of drivers, spaced 
6 feet between centres, the train weighing 1 ton per lineal toot. 

A wind pressure of 3U lbs. per square foot, on a train surface of 10 sq feet per lineal 
foot of bridge, plus the .same pressure per sq. foot upon the vertical surface or one side 
of tlio striicturu and tract. 

*- Articlr 378, p. 56U. 

Tlie tensile strains allowed for Jive loads in the iron members are — 10,000 lbs. per 
sq. i«»ch for main ties and chord bars ; laterals and sway bn* ^ing, 16,000 lbs ; chord 
bars for wind strains = 12,.'>00 lbs. 

In compression ,the allowed strain shall meet the requirements of Gordon’s formula. , 


11,000 


(i + * 


mi nimum at rainX 
maximum strain 


This result shall be used in Gordon*:, formula for compression as the numerator of the 
fraction in place of 8t'00. 

The following is a comparison of weights for single span girders, the spans being 
vmilar, apd for the cantilever system as used in Niagara Bridge; — 

Two 208 feet spans, 2800 lbs per lineal foot, . . 682 tons. 

One >495 feet spun, 6200 n . . 1634 „ 


2216 tOD^ 
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1606 ton% 

90 »> • 

1843 tons. 


The dead load in the Niagara Bridge is 45 per cent, of the total iMd. 

The modnlns of elasticity for the wrought iron was taken at 26,000,1)00. and for the 
Iteel at 29,000,000 lbs per sq. inch.* 

* •Akficlb 884, p. 684. 

The tensile stoength of lead for pipes, os detennftfd liy Kirkahiy, is 2169 lbs. per sq. 
inch. That this is a good average value appears from the results of experimynts on the 
strength of lead pipes of various dinmoters and thickness. See annexed fable— 


Diameter. 


lnc}ii.'s. 

h 


n 


'I'hickn**..**. 


nur^tlllK 

IVeHMuri* 


Inches. 

•20 


•20 

•29 


. J^bs, per sq. In. 
^ 1820 

911 • 

812 


Calcnlatefl 

Tenacity. 


Lbs jMTRq. in. 
2275 

2277 , 

2100 


The tenacity, as given in the fourth column, is calculated by the formula for strength 
of pipes f = (See Art. 150, p. 227.) 

Abticlk 408, p. (ill ** 

^ The caissons used fur the foundations of the Forth Bndgu (see^. 542a) are ol great 
sixe, beinsT 70 feet in diameter at bottom and 60 feet at low water level, they wo^ sunk to 
depths of 70 feet to 90 feet, through the softer parts of the bed of the nver, until stiff 
clay or rock was met. ^ , 

The sinking was accomplished by the pneumatic process, an air chamber about 7 feet 
high at bottom, in which tho men worlctd under varying pressures, with suitable air 
lodes at top being used. 

The pressures required to keep out the water did not, however, necessarily vary with 
the' head of water outside. No inconvenience was felt by the workers so long as the 
pressure did not exceed about 18 11«. ger sq. inch. Above this dekness was expeif- 
enced, the ill effects being more notii cable on passing out of the air chamber. Authoritie.s 
on this subject, therefore, suggest that tho ciiango from the greater air pressure of the 
chamber to the 0 | en air should be made slowly. 

The caissons were forbied of a steel shell, having a steel cutting shoe at bottom, the 
whole being filled up with concrete and capped by granite masonry. 

Groups of four or these constitute the main piers on whii h the superstructure of tho 
bridge rests. 

The excavation was mainly done by hydraulic power, tho working chamber ^being 
lighted by electricity. 

Articlb 428, p. 633. (See p. 810.) • 

Tho Elevated Railway in New York is carried along sonic of the principle streets, and 
is arranged for both single and double traffic. At first it was intended to work it as a* 
cable road, but that being found impracticable locomotives were adopted.# The road is 
carried on iron posts, made up either of cbanul irons braced or of hollow iron posts 
filled with cement mortar. These posts are fixM on the outside of' the pathway, about 
the line of the kerbstones, and are placed about 40 ft. apart. Girders of the sig-zag or 
Warren type rest upon them, on which the sleepers are laid. The locomotives and c irriagea 
ire small, the latter being seated and arranged like a tram-car. The gauge iM ft. 8^ in, 

~ * See Tram, American Society of Cwil Ejpgineeriy 1886, • 
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p Artiglb 480, p. 639. ^ 

Tl^ weight of Americau locomotives for goods traffic is heavier than for the same 
clasB in thu country. Goods engines weigh Oa much as forty-eight tons, having eight 
coupled driving-wheels of 60 inches diameter. The largest driving-wheels in use Tor 
passenger engines are 6 feet 6 inches coupled. The driving-wheels are commonly made 
of cast-iron, with Sfisel tires pressed or shrunk on. 

The following are some of the leading dimenuons of typical passenger nngines of 
British and American design: — 

British. r Amkkican. 


Diameter of Cylinder, 

Stroke, .... 

Dia. of Driving-wheels coupled, 
„ of Bogie-wheels, . «. 

Wheelbase, 

Heating Suriaw in Tubes, 

„ in Fire-box, 

Fire-grate Area, 

Diameter of Tubes f Copper), 
Boiler-shell — Yorkshire Iron, 

• 

Weight on Bogie, 

,, on Driving-wheels, 

,, on Trailing-whoels, 


16 in. 

24 in. 

7 ft. 2 in. 

8 ft 4i in. 
21 ft. 2} in. 

906 sq it. 

82 sq. ft. 

14 ft. 7 in. 
Irf in. 

Jin. 


= 18 in. 

24 in. 

6 ft. 6 in. 

2 ft. 9 in. 

22 ft. 7J in. 

1205 sq. ft. 

35 sq. ft for Anthracite coal 
19 in. wrought iron, 
g in. steel. 


Tons. 

Cwts. 

Tons 

Cwts. 

13 

0 . 

12 

4 

14 

15 . 

15 

0 

13 

12 . 

14 

3 

41 

7 

41 

7 


The tractive fb^<o is from 90 to 100 lbs. por pound of etlcctive pressure on pistou. 

The tractive force in ^bs. of a'locoinotive cngiiio may be found by the rule T = 

^ ' Where d - din. of cylinders in inches. 

I ■ - stroke in inches. 

n = eflTective pressure tf steam in lbs. per sq. inch. 

1) = dia. of driving-wheels in inches. 


Auticlk 61*2, p. 763. * 

During storms in the North Atlantic wav^ sometimes extend to 500 or 600 feet 
and last from 10 to 11 seconds. 

LTie extreme height appears to be 48 feet, but the average height of great waves is 
about 80 feet. 

The heights of wavos in diiTcrent seas have been estimated as follows : — 

In Norui Atlantic, fTom^24 to 43 feet; Bay of Biscay, 36 feet; Pacific Ocean, 82 
feet; South Atlantic, 22 feet; Mediterranean, 16 feet; German Ocean, 13 feet; around 
the British coast, about 8 or 9 feet. 


^ Articlr 485, p. 728. 

Drainaok. — Centrirugul pumps arc much usM for liliing water. About 400 feet 
per minute is allowed for the speed of the water through the pipes; the speed of the 
peripWy the wheel is five or six times this, aud the diameter of the wheel is 
generally from two to three times the d.hmieter of the pipes. 

The smiUl sized windmill, with fifii-fhaped circular sail , is useful for drainage or 
water lifting puiposl^. The old toriii ol windmill (soo Manual of the Steam Enyine 
and other Prime Mooci's) with a fair wind gives about one-horse power with a sail of 
81 feet dicmetcr. The efficiency of tlie small circular wheels seems to be rather higher. 
In similarly formed mills the power varies approximately as the square of the diameter 
of the wheel , 

Where sea water is obtainable it is found to be^ very suitable for flashing the main 
sewers towns and laying the dust on the streets 
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Articlk 450, p. 685. 


Flow of Water. — The formula v =? 8’025 given on p. 686, is only^suit- 

able for long lengths of pipes, where the ratio of Z to A is great. 

F^or veiy short lengths, where the ratio of 2 to A approaches to ^'juality, the formula 

i f - / 5 </ 


will take Ihe form of v = 8'026 \ j - - . 

y d + 


Article 7, p. V 

Ordnance Datum.— The datum, from which the levels noted imj the ordnance 
plans, referred to at p. 6, are reckoned, is the mean tide-level at Liverpool, and may be 
stated as a point situated at a height of 4*67 feet ai>ove the level of the old dock sill at 
Liverpool. For Ireland it is a point on Poolheg Lighthouse in Dabhn NhJ*, represoiiting 
the.low-water mark of spring tides. 


Akticlk 388, p. .585. 

riiospiiOK Bronze.— T his metal, an alloy of copper, tin, and phosjihorus, is found 
to possess a high tensile strength and great endurance as regards \^ear, and is being 
used principally for bearings and machinery. 

The various strengths of this metal appear to vary greatly acconling to the propor- 
tions of materials used, hence diil'erent alloys arc employed for dilferent classes or work ; 
the range of ultimate tensile strongtli being from 22,000 lbs. to 57,000 lbs. per squars 
inch, whilst the ultimate compressive strength varies from about 21,500 lbs. to 4o,000 
lbs. per square inch. ** 

It also appears that wire made of this m«>tal possesses the quality of high tensile 
strength. • 

Article 495, p. 7.34. ^ 

The Acoumulatok.— The applicutieei ot hydraulic power fur ^he transmission of 
pressure is of much importance to the engi,'nocr. Macliines for rivetting, punching, aiid 
shearing iron plates can wurked by this means, and heavy loads, such us swing 
bridges, cranes, hoists, &c..^are also i eadily moved by hydraulic machiner}*. 

The pressures used are very high, and, to obtain these, recourse is had to an 
accumulator.” The accupiulator is on the principle of the hydraulic press— vizl| 
a movable "weighted plungei, raised by the action of force-pumps. The movable 
part con be loaded with what weights are necessary, and raised by the pressure of the 
water forced into the cylinder in which the plunger works : the pressure of the water 
will then correspond to the load which it supports. By means ol a separate pipe lead- 
ing to another plunger or piston connected with, say, the die of a rivetting machine, 
hydraulic connection is maintained with the cylinder, and tiVus, when the stroke of the 
die is made, a corresponding fall of the weighted part also takes place, whereby 
a sudden expenditure of the work previously accumulated is brought about. Variations 
ill pressure and lengths of stroke are necessary for different operations ; in rivt^ting 
machines, however, a load of 5 tons, having a fall of about 2 feet, under a pump 
pressure of 1,600 lbs. per square inch, is sufficient with a travel of die of 21 inches to 
close up a rivet, the final pre.ssure on he die being about 40 tons. 


Hydraulic Ram. — By means of the hydraulic ram, water at a low head may 
be made available for raising a portion of the same water to a higher level thin the 

^?ie action of this machine depends upon utilising part of the thergy of the supply- 
water in closing a heavy clack-valve, and in compressing air in air-vessels connected 
by clack-valves. During this process a loss of water takes place, a.s the closing of the 
heavy clack-valve is dependent upon tlie increased velocity of flow due to this wu.ste. 
When the v^ve shuts, tne outflow is stopped, and the energy of the water ib now spent 
in compressing the air in the air-vAssels, by which means part of the water is forced 


When the v^ve shuts, the outflow is stopped, and the energy of the water it now spent 
in compressing the air in the air-vAssels, by which means part of the water is forced 


upwards through the delivery-pipe. As the velocity of the water has now beeq reduced, 
the heavy clack-valve falls, and the process is repeated. • ^ 
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As tbs efficiency of such a machine will be the useful work performed in nUdng t|ie 
water above the reservoir, divided by Che work dae to the fall or the water mn to waste, 

the ratio will represent the efficiency,* where H = fall from reservoir to ram, 

h s height of delivery above reservoir, Q = quantity run to waste, q =• quantity 
delivered. 'Fhe results as to efficiency dimr considerably, depending on mechanism, 
and proportion of height of fall and height of deliveir ; the best results appearing to be 
obtame(f when the proportion is as 1 : 10: the efficiency so obtained will'be about 

•6, and consequently q =» — ^ r 
Article 354, p: 503: 


The floating of solid on molten cast iron, referred to at p. 508, arises from increB.se 
in bulk of the solid due to rapid expansion on being placed in the molten iron. Thij 
can be readily {proved by measuring the solid piece before and after it has been in 
contact with the molten iron. This expansion is at least equal to the whole contraction 
in cooling from the molten to tlic cold solid condition. 

No conclusion, however, can be directW drawn from this in favour of expansion in 
the mould on setting, as the temperattm; of the floating solid pieces, it removed 
immediately from the molten iron, is much below that of the melting point, as shown 
by pieces of lead remaining uninclted when placed upon them, ana also by these 
retaining their crystalline character when broken across. The sharpness of an iron 
casting is duo principally to the fluidity of the metal and condition of the mould. Tlie 
breaking of the skin of a piece of cast iron under stress does not seem necessarily to 
weaken the piece, its in many cases test-bars, with the skin wholly removed by planing, 
give quite ns goo<l results as those cast from the same iron, but left untouched. 


• Ahticlk 225, p. 370. 

In tcij^liig cenionfs by making up balls from a stilf paste of the material, it is 
necessary to let the ball stand m air fur a short time so as to obtain a skin before 
placing it in the w^tcr. Thus, with a hot o^ quick setting Portland cement, the ball 
may require to stand for about ten minutes, whilst with a cool or slow setting cement, 
at least double this time is re({uired. 

Cements are tested for strength by mixing a quantity of the material in a mould 
with water, so as to form a .stillish paste; alter u short exposure in air it is placed in 
water for seven days, at the expiration of which, the now hardened cement or test- 
brick c m be broken by tension. 

Cood Portland ccnioiit, when treated in th*i[s way, should give at least 350 lbs. per 
square inch ns the tensile strength. 


Articles 446, p. 674; 447, p. 678; and 477, p. 722. 

The hydraulic pressure'‘may be briefly stated as the difference between the hydro- 
static pressure ana the loss of head. These values being taken, say in feet, at any 
poinjb in the line of pipe. ' 


Water Levol 


In Reservoir 



If these values of hydraulic pressure be set off vertically from such points in the line 
of pipe, and n line drawn looming their extremities, this will be the lint of vvriuaJt 
declivity, ** 
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In tYk- aniMKed fig., H fo the hydrostatic pressure, h the loss of head, aiyl p 
hydraalie pressare, an# therefore p s U - ^being any point in line of pipe. 


the 


• ’ ,a I 

Exatnpl6»-^lAt h * 2600 ^ 

Then we have p = H — ~ ft., J = 6000 ft., d = 

V B 2 ft. per second. 

Then p = 200 — ~ ^ hydraolic pressare. 


^ foot, and 


*• 

Article 477, p. 723. 


Water-pipes made of wronght-iron plates rivetted Jogeth*‘r have l>een tried in 
America notably at San Francuco, where a mtun line ol pipes, varying from :^0 to 44 
inches in diameter, was Isud for a distance of 28 miles. The pipes %ero made in 
28 feet lengths. 

These were coated ine.ins of a natural pitch got in the district. 

Thin .steel plates have also been used fov forming water-pipes. 'Die durability of 
such pipes of tnin metal, doubtless, depvinds upon the conipleteuoss of the coating with 
which tneir surface', are protected. ^ ^ 

Article 406, p. 607. 

Frictional Resistance. — During the sinking of iron cylinders to form the piers 
of bridges, it is found that the weights required to overcome the frictional resistance 
of the material through which the cylinders are forced, is about 8 cwt. per square 
foot in stiff clay, and about 2 cwt. per square foot in opener material, suen as sand 
and stones with mud. ** 

• 

Articles 238 and 525, pp. 380 and 765. • 

FoUNDATiova. — Pressure at bottoms of cylinders carrying quay walla wlftn sunk 
in sand 2|| tons per square foot, and where the cylinders cariy swing bridges or cranes, 
from 84 tons to 4^ tons per square loot. • In ordinniy quay walls, without cylinders, 
fonnded upon stiff clay, about 2 tons per snnare foot. 

Artkii.k 360, p. 515. 

Rivets. — From some recent experiments on the strength of steel rivets it appears 
that with a tensile strength of about 25 tons in the rivet, the shearing strength waff 
about 22'7 tons. Low tensile strength efavonrs safety as the rivet is less likely to 
suffer from shocks 


Article 438, p. 664. 

Pkbmanknt Way. —In railwavH of narrow gauge, such as 8 feet 6 inches, the 
nils may weigh 85 lbs. per yard| when spiked to the sle^pers, as is commonly done 
abroad. The Totter are spaced about 2 feet 8 inches. If wood is used for sfeepen 
rapid decay trequently sets in unless protected by some cliemical process (see p. 453, 
oh the Preservation of Timber). When '’used, unprotected abroad, pitch pine, wBero 
readily obtainable, has pro.ed very serviceable. i’Jie .sleepers may be aoout 7 leet 
lojiJ^ by 8 inches broad and 5 inches deep. • 

o 

Aktihle 4.98, p. 738. 

Water Supply,— Where filtration is not considered necesfiary it is us^al to pro- 
vide copper wire strainers to keep hack impii|^es from entering the pipes. I'he 
fineness of the mesh will depend on the charaqt^of the water. From practice the 
quantity passed through straining cloth of the finer meshes is about 16 gallons per 
minute per square foot. Parallel wire straining cloth is also used for this purpose, 
it being more readily cleaned than square meshed cloth. From some experiments with 
doth of 39 square inches per superficial fuot, it appears that square mcsl) gives 62 
gallons per minute with ^ inch head, and iiarallel mesh gives 1 lU gallons under the 
same conditions.* * 

•See Ti‘Wi. /n$t. Engineers and Shipbuilders in Scotland^ vol. xxxIfL 
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e Auticlk 162, p. 250. ^ t 

Fbaotuab of Oast-Ibon.— The^form of fracture ehown in cast-iron bars is 
nsnallj either ttraight or curved. When a test bar breaks at the middle of the span 
by a load acting at that point, the line of fracture is straight and at right andes to the 
line of span ; when the fracture occurs at any point removed from the middle of the 
span, the line of fracture is curved, and invariably points towards the point of application 
or load. The fracture doubtless commences at the extended side of the bar, and runs 
towards the side under compression; its course being determined by the spring of the 
unequal parts of the bar as they separate daring fractu^ 

Article 477, p. 721. 

Cast-Iron Water Pipes, — The following table shows the dimensions and weights 
of some of the principal sizesiof cast-iron pipes including socket : — 


' u 

Diurneter. 

Thickness. 

1 longtli 

Weight. 

Inches. 

(’ 

Inches 

Feet. 

lucli. 

Cwts 

Qra 

Lhs. 

« 3 

1 

0 

3 

1 

0 

14 

4 


0 

3 

1 

1 

23 

6 

7 

Iff 

0 

34 

2 

‘2 

0 

S 

4 

0 

4 

3 

*2 

•20 

10 

Iff 

0 

4 

r> 

1 

14 

12 


0 

‘♦.i 

0 

3 

23 

* 15 

U 

9 

44 

9 

1 

•20 

KS 

‘ H 

12 

44 ■ 

14 

3 

0 

2v 

i 

1*2 

*) 

21 

*2 

3 

30 

1 

1*2 

5 

30 

0 

25 

$0 

1 

1*2 

1 

5 ' 

41 

3 

23 


Article 341, p. 475. 

Timber Bridoes. — The life of such bridges for rtulway purposes is very varied, 
*^dependlng upon the situation, the nature of the wood employed, and its treatment. 
Thus some of the carefully made old timber bridges in Britain have only been replaced 
by iron after a life of nearly 40 years. Generally speaking, 25 or SO years would be 
a likely average for the older bridges, but at the present time from 14 to 20 years, at 
home, may be nemer the limit. In the Colonies, large renewals are expected to be 
required in about 15 years after erecting. 

Creosoting the timber ^has an important influence in extending the life of the 
structure. 

The laminated arch and truss system arc both adopted; the latter system otfers 
facilities for adjustment required by change of form. 

The following are the dimensioas of some of the older railway timber archefi of 
60 feet Sian ana a rise at centre of 9 feet 9 inches:- There were four ribs, the lower 
member being 2 feet 9 inches x 1 foot 3 intlies, composed of eleven planks, each 
15 X 3, bolted together and bent to the curve, the ends resting in cast-iron sockets 
in the pioo. The upper member was u horizontal beam 13 x 9, resting on the crown 
of the arch and continued to, un^.inesting on, the masonry piers These members 
were connected by struts and ties. » 

On the top of these ribs there were cross beams, 10 x 6 and spaced 4 feet, projecting 
over tile outer ribs and giving a width between handrails of 26 feet. Above these 
cross bea*ms longitudinal runueis, 14 x 6, carried the iviils.* 

. * See Trans. Inst. Engineers and Shipbuilders in Scotland^ vol. zxxiv. 
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^ Articlb 501, p«742. 

Tub Manchester Ship Canal.— This canal is 35 A miles hng. 

The average width at water level is 172 feet, and at bottom 120 feet. 

The depth is 26 feet. 

There are numerous railway and road swing-bridges across the strongly^ built 
of steel phtes, having a tensile strength of from 27 to 31 tons per square inch, with an 
elongation of 20 per cent, in 8 inches. The rivet steel had a limit of 26 to SO tons per 
square inch, with same elongaHon. 

The maximum test load stress allowed in boonlB«and tension bars was 6^ tons per 
square inch and .5 tons on cross cirders. 

120 lbs. per square foot was allowed for swing-bridges, or a moving load of 40 tons 
on 4 wheels at 8 feet centres. • 

Tho cast steel used had an ultimate tensile strength of 26 to 32 tons per square inch, 
with an elongation of 10 per cent, on 8 inches. Bars, 1 inch squjrtf, bent double 
witliout fracture with a radius of Ig inch. 


e 

Article 496, p. 736. 

Artesian Wells.* — “1. There must exist between the ‘outcrop’ and the well, 
at least, one continuous stratum sufficiently porous to permit the easy flow of water 
through it, and this stratum must bo sandwiched between two impermeable beds thick 
enou^ to confine the water. The impermeable beds must be quite free from any 
defect that would permit the escape of water at some level lower than the month of the 
well in such quantity as would he inimical to a steady flow therefrom. The perfect 
condition of the upper confining beds is of much more importance tb^n an unblemished 
condition of the lower confining beds, as it is likely tho Water in its downward course 
w ould meet with some stratum that would arrest its further progress. 

“2. That the outcrop of the porous .stratum exposed to saturation mnstito porous 
enough to readily admit the entrance of water, and its area must bo ainnle for keeping 
the porous stratum alwavs charged withwvater to the degree iiccesbary for maintaiiiiug 
a copious flow equal, at least, to all Tasoyable doinaiid.s made on the well. 

“ 3. That the altitude of the outcrop must be high enough above the mouth of the 
well. BO that the pressun* due to the diflerence of level between them will, after providing 
for fnctional resistance to the flow of tho water in the porous stratum, be sufficient to 
cause the water to rise in tlie well and flow at the surface. Frictional resistance is by 
ho means inconsiderable if a long distance intervenes between tho outcrop and the 
well; its coefficient depends diiefly upon the degree of porosity of the water-bearing 
beds; hence its measurement is impracticable, and consequently it is always an 
unknow’n quantity. 

“ 4. That the rainfall in tho region of the outcrop must be ample, and that the 
portion which enters tlic porous bed will be quite sufflcir'rit to ensure a steady and 
abundant supply of water to the well.” 


• Article 227, p. 372. 

• 

Portland cement is spedfled by' engineers to stand various tests, such as for fine- 
ne^ strength, and weight. 

The test for fineness is made by passing the cement through a sieve ^ntaining a 
certain number of meshes per square inch. Siqyes containing 2,500 and 51776 meshes 
per square inch are most commonly used, and f7om experiment^ it appears that, in 
pasnng various qualities of Portland cement through them, the ''average residue was 
about 8 per cent, with the 2,500 mesh and about 15 per cent, with the 5,776 mesh. 


Report of the Hydraulic Engineer on Water ifupply, Queensland. 
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,, Where the cement was iine ^nnd, tl^ese per- 
centages beime about 3A and 10|. 

Tm test for strength is by mixing ^e 
cement with water in a mould and allowing 
the briquettes so fonned to lie in water for 
seven days, after which they should stand ndth- 
out brealdng a tensile stress of 850 lbs. per 
square inch. 

About 112 lbs. per bushel may be taken aa 
. the weight test 

Portland cement when new is hot and quick 
setting, and sliould be exposed in bulk to cool 
and air slake. 

In using cement mortar a most important 
item is the quality of the sand, which should 
be clean, sharp, and rather coarse. 

Tests are sometimes specified to show a Cen- 
silj strength of 160 lbs. per square inch; the 
briquettes being made u|) of 1 part of cement 
and 3 parts of sand, and immersed for twenty- 
eight clays in water. 

Earthy, muddy, or shaley particles in the 
sand are objcctionableL 


Akticlk 226, p. 871. 

Some hydraulic limes afford good natural 
cements, and appear to increase in strength 
with lapse of time, attaining equality with 
Portland cement. As in the case of Portland 
cement, fine grinding is a necessity. 


ARTiCLii 505, p. 745. 

Swi^^G-BniDOKS*^— The fig, shows one oP 
the swing-bridges on the Manchester Ship 
Canal, and is generally of the following dimen- 
sions :«-SpanB, 139 fec't and 96 feet 10 inches; 
depth, 28 feet, decreasing to 7 feet 9 inches 
and 9 feet; width, 22 feet 8 inches. 

The main girders of the swing-bridges are 
carried on cross girders resting on annular 
girders, and cast-iron cc ical rollers transmit 
the weight to the lower, roller path, 

'i'he movement is by hydraulic power, the 
pressure used being 700 lbs. per square incii. 

The flooring is made up of buckle-plates, 
'evelled up with concrete, covered with an inch 
of sand, and } inch of asphalte, 5-inch wood 
^^cts forming the roadw ay. 


* Trana, Inst. Engineera and Shipbuildera 
in Scotland, vol. zxxvi. 
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# Article 416, 624. * 

Horse Haulage. --On « level 8urfac.e a Iiorse will probablv draw on a traitway 
abont Sve times tbe load that can be drawn on a good road. When the surfaces are 
inclined this advantage diminishes. 

Article 427, p. 682. 

Electric TRAcrion.—The eflicienc}’ of tbe electric motor is about 80 per cent, of 
the energy supplied. The rotlthod of transmission of the electric energy may be by 
overhead wires on the trolley system, the rails act^g as return conductors* or it may 
be by the conduit or underground system, where there are double wires. 

Article 480, p. 641. « 

Light Railways, so-called, may have any gauge up to tho stapjard gauge of 
4 feet 8} inches. In some European counirio? the governments have adopted a gauge 
of 40 centimetres, or about 1 foot 11} inches, for light railways ibr militaiy purposes. 
(See also p. 792.) ^ 

Article 477, p. 722. 

CoRRosiOH IN Water Tipes.- Pipes for the ronveyance of w^ter suffer much 
from corrosion. In the earlier d.<y8 of water supply the cast-iron pipes used were at 
first laid without an^ protective coating, nnd, therefore, incrustation hceamc unavoid- 
able. Even now. with the excellent bituminous coating (see p. 795) which is always 
applied to the pipes, incrustation sets in, and after some years, depending upon tin 
character of the water, the deposit attains such a thickness as to seriously diminish 
the delivery of the water, hence either a new main has to be laid, oi*recourse must he 
had to scraping, so as to get rid of the obstructions. • 

The form frequently taken by the deposit is that of roughly roimded putclics ; these 
seem to originate through some small defect in tho coating, possibly at pa4s of the 
surface where rust may have been iniiuccd before coating. It is, therefore, of great 
importance during the manufacture of wa|;er pipes to see that thc^ are free from rust 
before dipping into the hot solution of prcservalive composition. 

To insure this, the pipes are either paifitcd over with oil immediately after being 
cleaned, and fre^ from ihe core and mould, or they are proved with oil, and not with 
water, os in the usual method. 

The scraping of water pipes dates from 1866, wlien an apparatus was tried alA 
Torouay, the mains for the supply of th|| town having become much incrusied. i'be 
result of this experiment and some others showed the advantages to be obtained from 
such a process, and now the scraping of mains is arranged for in many cases by the 
introduction at certain parts of the line of pining of special castings, called hatch- 
boxes, to enable the scraper to be introduced anu removed from the pipes. 

The scraper consists essentially of a jointed arrangement of pi>tons and Meaning 
faces or knives, the latter being pressed by springs against the inner surface of the 

^ ^he pressure of the flowing water on the piston or stiffened leather discs the 
after part of the machine drives the whole forward, and tho knives act upen any 
iu^ustation met with. The scrapers are fitted so a? to yield to any fixed ob:»iractioD, 
such as lead which may have nin in fpm a lead-made jont. 

( 

Article 502, p. 742. ^ 

Canals. —The speed of haulage by horses iw’g lie about 2 miles jier hour, but in 
some oases wire ropes or chains ara used; thes#lie at the lottom ef the canal, and are 
gripped by a wheel at the bow. The average speed with this arrangement of a train 
of ooati may be abont 2} miles per hour. 
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c Articx«b 898, p. 596. ^ I 

T^nbu. — T he Simplon Tunnel measures 12 miles long, and b 7000 left below 
summit of mountain. Gradient from each end, 1 in 100. There are two tunnels 50 
feet apart; the width is 16 feet, and height 7 feet. Hydraulic pressure was used for the 
excavating drills, and comi^ressed air for ventilation. 

f • 

Artiolb 408, p. 611. « 

C A lAsoNs.— Caissons for docks may be floating or sliding. The floating caissons are 
divided and the lower part hallaatci Air and water chambers are provided for regu- 
lating the movements into position. 

Sliding caissons require recesses in the dock walls for withdrawal when the dock 
is open. 

* Article 487, p. 729. 

Skwaok Purification. — In the purification of the sewage of large towns, success- 
ful attempts have heon made Tlie discharges from the main sowers are led into 
chamhers where screens remove floating flatter. Catch pits then intercept the solid 
particles. 'I'he resulting fluid is then raised by pumps to mixing pits, lime is added, and 
tlie sludge is pressed into cakes. By filtration through ooke and sand filters, the fluid 
is finally rciKlcred quite pure. 

Section IV., p. 688. 

Electric Traction. Electricity is now applied in many casos where locomotives 
were used, especially on biiburbuii lines, in tunnels such as that below the Mersey, and 
in tlie ** Tubes ” uf*L(indoii and Underground of Paiis. In New York, the Elevated 
i^ailwny li.is also Uccome electrified. Besides the advantages obtained from absence of 
smoke, the trains can bo run V^uickcr through there being less time lost from startmg 
to the required full rate of travel. 

r • 

AimcLK 442a, p. 671. 

Snow and sand drift cause, on some i airway lines, much obstruction, and various 
inothods have been devised to meet the difficulty. The erection of fences or the planting 
of hedges on the windward side of cuttings whore accumulations of drift readily take 
place serves for a time only, as the fence gets gradually covered up by the snow or 
Hand, which then blows over and onward as before. An ingenious system of “blower” 
hasWu introduced on some lines subjected .to drift obstfuctioiis, whether of sand or 
snow. The blower consists of two rows of timber posts placed along the windward 
slope of the cutting, wooden planking ia fixed on the tops of tlie posts so as to form 
a roof sloping downwards, the angle being such that the direction of slope, if continued, 
would strike the line of rails in the cutting. The wind carrying the snow or.sand 
strikes the underside of th^ roof of the blower, by which it is deflected downwards, and 
issues with sufficient force to carry the drift right across the rails to the leeward side of 
the cutting. 

Article 518, p. 760. 

Groins..— I t has been found that low groins are more suitable for giving stability to 
a beach than high groins, as the latter tend to c^^use scour due to the greater obstruc- 
tion ot the currents. 

Low grojns, having rows of posts placed at right angles to the line of coast and 
extending downwards to low water^ith connectmg planking a foot or two in depth 
^eem to be effective, in causing depobiCrf lateral drifL 

Rkinfoucbd Concrete, or Ferro.Concrf.tr. — This is a combination of ooncrate 
mid steef or iron frauiing, the latter embedded in the concrete, and has been employed 
for various purposes, such as house walls, beams, arches, pillars. &c. One of the 
a.lvantBjge8 is lightness of (construction. Great care has to be taken that both the 
materia^ propornons, and mixing of the concrete shall be carefully attended to. 
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Town- Refuse Deotructobs.— lu many large towns the refuse gathered fiom the 
bouses u omTeyed to depdts where it is consumed in furnaces, and the heat 

developeL is utilised in the rmsing of steam whereby electric energy m^ be develeped 
and transmitted to distant points for the performance of useful worh. The refuse may 
be generally diyided into water, combustible matter, and non-combustible in about 
equm proportions. The incombustible is mainly clinker, which may be afterwards used 
for the mokiug of roads and for building material. It can Le ground or crushed for 
mortar or for the making of tar pavements. Dust catchers ore placed between tho 
boiler and the chimney, and it, therefore, doos not teem necessary to erect very high 
dilmnqrsfor the removal of th^gaseous products of combustion. 

t • 

Bridges. — The Zambezi Bridge, tormally ojMned during the meeting of li.e British 
Association in South Africa^ 1905, spans the Zambezi River below tho Victoria Falls, 
and carries the Cape to Cairo Railway line across the dsep gorge through which the 
river flows at that point, the height of the arch above the water being ab^t 400 feet. 

The form is that of an arch built out from bonk to bank on tho caAtilever system. 
The s^an is 660 feet. 


3a 
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Abutments, 396, 427, 676. 

Accumulator, 803. 

Alkalies, 353. 

Alloys, 584. 

Alumina, 352. 

Alanftitum bronze, 587. 

American bridge practice, 795. 

„ railway practice, 798, 801, 802. 
Analysis of cement stones, 367. 

Angles of repose, 316. 

,, of rupture, 421. 

„ — Plotting, 74. 

,, Reduction of, 128. 

Aqueducts— Canal, 744. 

„ for water supply, 720, 723. 
Arches— Abutments or, 427. 

„ — Catenarian, 195, 200, 418. 

„ — Centres ot; 415, 485. 

,, —Circular, 203, 422. 

— Depth of keystones of, 426. 

„ —Elliptic. 204, 420. • 

„ — Geostatic, 212, 420. 

„ — Hydrostatic, 209, 419. 

,, — Iron braced, 5425,^65. 

,, — Linear, 202, 213. 

„ of brick, 416. 

- ,, of stone, 413. • 

„ — Piers of, 428. 

„ — Plain iron, 538, 565. 

„ — Pointed, 218. 

„ • — Relieying, 412. 

„ — Skew, 429. 

,, — Stability of stone and brick, 416, 

— Strength of, 296, 432, 481, 538. 

, 665.. 

— Strength of stone and brick, 432. 
„ — Timber, 481. '* 

Arched ribs, 202, 213, 296, 53^ 566. 
Archways— Underground, 433. 

Areas — To measure, 33. 

Artesian wells, 807. 

Ash, 445. 

Ashlar masonzy, 384. 

Asphalt, 876. 

Aqibaltic pavements, 630. 

Augite, 354. 

Auxiliary girders, 579. • 


Backwatek from a weir, 689. 

Balance of fufees, 1 33. • 

Ballast — Railway, 663. ^ 

B.4rofii harbour — Korniatifn of. 759. 

,, „ — Scouring of, 764. 

Barlow rail, 518, .‘>23, 613, 668. 
.barometer— Levelling by, 91, 789. 

Barrow — Wheel, 336. 

Basalt, 357. • 

Base of survey, 13. 68, 803. 

,, ,, — To measure — by lati- 

tudes, 789. 

Basin— Deep Water, 765. 
ty — Distributi)»g, 738. 

„ — Scouring, 764. ^ 

B.atter of cliiinneys, 788. 

ofaifall, 392, 787. 

Baya— Tides in, 75t. • 
pieauis, 173. • 

,, — Action of loud on, 239. 

„ — Allo\vanc.e for wcigljt of, 261. 

„ —Built, 463 

„ —Cast-iron, 257, 261, 263, 524. 

,, continuous over [liers, 287. 

, — Cross-sections of equal strength 

for, 256. • 

,, — Deflection of, 268. 

„ — Effect of twisting on, 280. 

„ — Expansion and contraction of, 

281. 

„ fixed at the ends, 282. 

,, — Limit'ng length of, 261. 

„ of timber — Lengthened, 466. 

,, of uniform strength, 259. 

„ — Process of designing, 276. * 

„ —Proportion of depth to span ot, 
276. • 

„ — Resilience of, 278. 

,, —Shearing stress in, 266. 

„ — Sloping, 292. 0 

— Stiffness of, 269. 

^ Strength of, J249, 292. 

„ — Sudden load on, 278. 

,, —To deduce stress from deflection 
of, 296. • 

„ — Travelling load on, 247. 

^ „ — Wrqpght iron, 268, 265, 526. 

I Beech, 444. 
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Delta— Strength of leather. 800. 

Benc^, in' earthwork, 339. 

,, marks, 15. 

Bending moment, 240, 243. 

Bessemer process, 50 1, 5()h, 793. 

Beton, 373. , < 

Bituminous cement and concrete, 376. 
Blackwall tunnel, GOO. 

Blasting, SH, 348, 616, 796. 

Blister steel, 508. 

Block in course, 386. 

Blocks — Stabilit}' ol, 218. 

Block work structures, 220 
Boilers — Strength of, 227, 790. 

Boiling point rf, water— Levelling by, 93 
Bolts, 4U1, 516. 

Bond in masonry. 385, 394. 

Bore — Tidal, 758. 

Boring tools, 332. 

Borings, 10, 331. 

Bowstring girder^ 562. 

Box beams, 527. 

Bracing of frames, 181. 

Brakes — Continuous, 614, 796. 

,, — Railway, CM, 796 

Brass, 586. 

Breakuatens, 7G4, 797. 

Bricks— Clay for, 363. ^ 

,, - - Characteristics of good, 366. 

„ —Expansion (V - by heat, 367. 

„ — iAianulacturo of, 365. 

Brickwork— Construction of, 393. 

,, — Labour of, 396. 

,, — Meu.'^uratioii of, 396. 

, , — Stability of, 396. 

,, — Strength of, 366. 

Bridges- American, 796. 

,, —Braced iron arch, 565. 

, , —Canal, 663, 744, 807, 808. 

„ — Draw, 716. 

, — Framing of, 475, 796, 800. 

„ —Iron, 531, 542, 548, 662, 6( 
670, 673, 583, 800. 

„ — Lifting, 746. 

,, — Load on platform of, 466. 

-Movable, 745, 751. 

,, over rivers, 542, 717. 

„ —Railway, 058, 795, 800. 

„ —Rolling; 746. 

,, — Stone and brick, 413. 

‘ „ ~ Suspension, 1M8, 642, 678. 

„ — S ving, 746, 808. 

„ — Tensile strength in, 800. 

,, —Timber, 4(J5, 475, 806, 

„ — Timber arched, 481. 

— Transporter, 798. 

Britanniir Bridge. .5.31, 537. 

, Bronze, 585, 799, 8n3. 

Buckled plate, 545; Bnckliq'*, 235. 
Building instruments, 391. 


Bulwarks -Sea, 760f, 797. jf 

Buoys, in marine surveying, 117, u- 
Buoyancy — Centre of, 105. 
Buttresses— Stability of, 396. 
Bye-wasb, 706. 


CAnLi<3 - Wire, 619, 799. 

Caisson, 01^, 801. 

„ gate, 765, 810. 

Camber of beams, 481, 630. 

Canals— Bridgc.s of, 663, 74 1, ?u7, g08. 

- Classes of, 742 
—Construction of, 743. 
crossed by railways, 663, 807. 

— Dimensions of, 742, 807. 

— Lifts and inclined planes oj^ 749* 
— Locks of, 746. 

—Manchester ship, 807. 

„ — Tunnels of, 745. 

„ —Water supply of, 750. 

Cantilever bridge, 800. 

Cant of raHs, 6 19. 

Carbonates, 3(!8. 

Carbolic acid, 353. 

Carpentry, 437. 

„ fastenings, 453. 

,, frames, 465. 

,, joints, 453. 

Cast iron, 498, 801, 806. 

,, beams, 261, 524. 

„ pipes, 721, 795. 

Cast steel, 508, 79,1. 

Oatehwnter drain, .S3L 
Catenary, 195, 435. 

,, — Tnnsformed, 200, 418. 

Cedar, 443 

Cement — Arti'’.cial, 372, 807. 

„ —Mixed, 374. 

,, — Natural, 371, 808. 

,, stones— Analysis of, 367. 

„ —Strength of, 374, 793, 804, 80& 
„ — I'csting, ^01. 

Cementing materials, 367. 

Centre of an arch, 415, 465, 493. 
of buoyanev, 165. 
of gravity, l62, 199. 
of pressure, 163, 165.' 

Chain— Balance of loaded, 185. 

„ — Surveying, 18. 

Cnains- Anchoring, 576. 

,, and cables, 619. 

Chairs —Railway, 565. 

Chalk, 369. 

Channels— Water, 686. 

Checking levels, 15. 

Chimneys— Factory, 378, 394^ 777, 788L. 
Chlorite, 355. 

„ slate, 357. 

Cirde — Reflecting, 65. 
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Clay for bricka, 863« 

„ (hddle,844. * 

„ 6Jite,869. 

Coeffldeut of contraction, 677. 

„ of friction, 171, 316, 797. 

„ of strengtli, 224. 

Coffer-dams, 612. 

OollapsMg, 238. 

Compass — Use of— in surveying, 67. 
Compensation water, 732. * 
Components of a force, 135. 
Concrete-^Gomposition of, 373, 376, 
793. 

„ foundations, 606. 

„ —Strength of, 374. 

Conduits, 718. 

Conjugate stresses, 167. 

Coffkiftuous brakes, 644, 796 
„ girders, 287. 
Contour-lines, 95. 

Contracted vein, 679. 

Conway bridge, 531, 634. 

Copper, 468, 685. 

Corrosion of iron, 514. 

Corrngated iron, 643, 789. 
Counterforts, 407. 

Couples of forces, 139. 

Coursed rubble, 386. 

Crib-work, 614. 

Crossbreuking, 236, 249. 
Cross-sections, 97, 708. 

,, — Scales for, 7. 

Cmmlin viaduct, 491, 521, 630, 670. 
Cnishing, 232. 

Cubic comnressibility, 229. 

Culverts- Embanking over, 341. 

,, — Stone and brlcR, 433, 703. 

Current — Velocities in a, 792 
< Currcnts—tidal— Measurement of, 124 1 
Curvature of beams, 268. 

,, of the earth, 87. 

Curves of equilibrium, 186. 

9 , on railways, 648. 

„ —Setting out, 101, 651. 
Cuttings— Earth, 336. 

Cylinders — Thick hollow, 228. 

«Aams for foundations, &c., 611, 780. 
Datum, 2, 14. 117, 803. • 

Deflection of beams, 268. 

Deviation— Powers of, 11, 668. 

Dip of horizon, 124. 

Distributing basin, 738. 

„ pipes, 740. 

Diving Miparatns, 616 
Docks, Too. 

Dolomite, 355, 360. 

Dowels, 388. 

Drain— Catchwater, 334. • 
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Dwin pipes, 720, 729. * 

DAin4[e area, 693. 

,, of earthwork, 334, 835, 6116. 

,, of the couiitiy, 724, 802. 

„ of towns, 728. 

Drawbridge, 746. 

Dredging, 614, 796, 797.' 

Drifts or mines, 694. 

Dry rot in wood, 449, 460. 

Dyk|s— Sea, 760. , 

Dynaitiite, 796. 

Kaktii— ibdhesion of, 316. 

„ — Dimensions of the, 2, 46. 

„ foundations, 379* * 

„ —Heaviness of, 317. 

,, — Natural slope of, 3 1C. 

„ — Pre.s8ure of, 321. 

,, — Theory of the stability of, 318. 

Earth-wagons, 338. ^ 

Earthwork, 316. 

„ — Distribution of, 3 10. 

„ — Drainage of, 334, 342. 

„ —Equalizing of, 333. 

„ — Execution of, .331, 617. 

,, — Finishing 8loi)cs of, 344. 

,, — lisbour of, 336. 

„ • — Mensuration of, 321. 

„ — I’rcvcmtion of slips in, 339. 

,, —Setting out, 113. 1 
„ — Strength and stability oL 

3J5. 

,, Temjiorary fencing of, 383. 
East River Bridge, 642a. 

Eddystone lighthouse, 618. 

Eidograph, 127. 

Elasticity of solids, 225. 

Ellipse of stress, 169. 

Elm, 445. 

Embankments, 839. 

„ —Drainage of, 342. 

„ — Execudon of, 340. 

„ in a great plain, 342. 

„ of reservoirs, 702, 704. 

„ on soft ground, 342. 

„ —River, 726. • 

,, —Settlement of, 339. 

,, underwater, 617. 

Equilibrium or balance, 183. 

— Curve of, 186. 

Erection of girders, 534. 

Excavation, 335. 

• under water, 614, 796. 

Expansion and compaction of beams, 281, 
461, 626, 627. 

„ of materials, 281, 693, 804. 

„ of stone, 281, 363. 

Exploring, 9. 

Explosives; P44, 796. 
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Factors of safety, 222, 861, 461. 

Fascines, 710. ' 

Fatigtf(5 of metals, 222a. 

Features of the country— Flying levels, 98. 
Felspar, 854. 

Fencing, 333. 

Field-book of ]c\cls, 89. 

, of survey, .30. 

Field-work — Authorities on, 1, 180. 
Filtration, 738, 792, 80.5. 

Fir, 442. • ' 

Fireclay, 364. 

Fish joint, 668. 

Flint, 352, 353.^ • 

Floating cast-iron, 608, 804 
Floodgates, 716. • 

Floods of streams, 698. 

Flow of metals, 22^a. 

Fines — Cormgated, 799. ’ ' 

Fluids, 164 

Flying Levels, 9, 9,3. 

Foot-pound, 244. 

Forces, 133. 

,, — Line of action of, 134. 

,, — Parallelogram of, 1.35. 

„ — Polygon of, 136. 

,, —Resultant of, 135. 

Forth Bridge, 642a, 800, 801. 

Foundations by caissons, 611, 8b5. 

„ by wells, ^^i^0. 

„ 4 — Iron tubular, 607, 791. 

„ on Piles, 602. 

„ —Ordinary, 132, 377. 

„ — Timber and iron-cased con- 

crete, 606. 

„ — Timber, iron, and sub- 

merged, 601. 

Flames — Balance and stability of, 178. 

„ of iron, 542. 

„ of timber, 465. 

Friction — Coefficient of, 171, 790, 797. 

„ of earth, 316. 

„ of solids, 171, 805. 

,, of water, 677. » 

Gaps in station lines — To measure, 24. 
Gates uf locks and basins, 748, 765 
Gathering- ground, 677. 

Gauge in use in different countries, 656, 798. 

„ —Narrow, 792. 

' „ — Railway, 666, 666, 798. 

G^esy— Engineering, 1, 9. 

Geostatic arch, 212, 420. 

Girder— bowstring -Iron, 662. 

„ „ — Tiinbor, 483. 

„ — Continuous, 287 
„ — Iron braced, 548. 

,, — Lattice, 480, 508, 562. 

„ —Timber braced, 478. 

„ —Tubular, 631. 


Girder— Zig-zag, or Y^arren, 549, 5|1. 

Gi^^ient-posts, 671. 

Clients of railways, 641. 

M 2 , —Steep, 791, 794. 

.„ of roads, 623. 

„ —Ruling— in general, 622. 

Granite, 365. 

Granwacke slate. 359 
Gravity— Ceiftre of, 162. 

,, — Specific, 151, 199. 

Greenbeart, 446. 

Greenstone^ 856. 

Groins in nver channels, 711. 

„ on tbe coast, 760, 810. 

Gypsum, 375. 

II ARBOUR- WORKS, 762, 768. 

(lardness of water, 787. 

Headings, 594. 

Head of water, 672, 732. 

„ —Loss of, 674. 

Heaviness, 151. 

Heights of moduli of strength, 230. 

Hill sketching, 96. 

Hoop-iron bond, 395. 

Hornblende, 354. 

„ slate, 357. 

Horses — Power of, 621, 637, 743, 762, 809. 
Hudson river tunnel, 6U0a. 

Hydranlic hmo, 370, 808. 

„ mean depth, 678. 

' ,, mortar, 372, 

„ „ press cylinders, 228, 803. 

pressure, 675, 808, 804. 

„ ram, §p3. 

Hydraulics— Principles of, 672. 

Hydrostatic arch, 208, 212, 419. 
Hydrostatics — Principles of, 164. 


Inkktia— M oment of, 288, 

Iron, 494. 

„ arched ribs, 538. 

„ bars— Fonus of, 517. 

„ beams— Cast, 524. 

„ beams— Mallei..^le, 526. 

„ bowstring mrder, 562. 

,, braced arch, 565. * 

„ { raced girders, 548. 

„ bridges, 531, 588, 542, 548, 578, 588. 
,, — Oust, 498. 

„ — cast— Ezpanaion of— by heat, 508, 
804 

,, —cast — Fracture of. 806. 

„ —cast— Strength otj 499, 767, 769. 

„ casting, 502, 804. 

„ chains, 519. 

.. —Corrosion and preservation of, 462, 
•514, 799. 
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Iron fi rtenin|S8 515 .^ 

,, fifmdations, (<0f, 806. 
himes, 542. 

„ --Imparities of, 487. 

,, — Malleable, 503 
„ — Malleable cast, 587. 

„ —malleable— Strength of, 509, 574 
£97, 790. 

„ ores, 494. 

„ piers, 570. • 

„ pipes, 720, 795, 806, 806. 

,, platforms, 542. 

,, — Resilience of, 513. 

„ roofs, 640. 

,, scale, in mortar, 372. 

,, sheet-piles, 680. 

_ — Stedy. 507. 

•» '“—Stren^h of Steely, 790. 

„ — Strength of weld in, 620. 

„ stmts and pillars, 520, 521, 795. 

„ ties, 518. 

„ tnbnlar girders, 531. 

„ tubular foundations, 607, 771, 805. 

„ wire cables, 519, 799. 

—Wrought, 503. 

Irrigation, 730. 


Jakrah timber, 446. 
Joggles, 455, 463. 
Joints, 131, 453, 515. 

„ of rupture, 421. 
Jumper, 332, 344. 


Kaolin or porcelain clay, 3G4. 
Key-stone, 425. 

Kiln— Lime, 369. , 

KilomHre, 4. 

King pest, 469. 


Labour of brickwork, 395. 

of earthwork, 336, 341, 344. 
of masonry, 369. 
of mixing mortar, 378. 
of mining, 595, 599. 
of quan^ng, 846. 

,Sng». . 

ke, how converted into a reservoir, 707. 
LaQd-carriage>— Lines of— in general. 
Larch, 443. 

Latitude of a place— To find, 129. * 

„ —Length of a minute of, 46. 
Lattice girder, 480, 558, 562. 

Lead, 4%, 584, 801. 

Leather belts, 800. 

Length- Measures of, 2. 

Level, 80. 

„ — Snirit, 80. 

„ snrf^ 2. 

„ —Water, 98. 

Level-book of working section, IIL * 


Levftlllng, 1, 80, 85. 

„ by the barometer ami IheEmom- 

eter, 91, 789. 

„ by the plane-table, 91. 

„ by the theodolite, 90. 

„ staff, 82. • , 

Levels— Flying, 9, 93. 

Lever, 141. 

Lewis, 891. 

Light|onseB, 618, 766. • 

Lime — ^tSarboiiuto of, 352, 355, 359. 

„ — ITydraulic, 870, 808 
„ — Pure, rich, or fat, 309. 

,, — ijilidfte of, 363. . • 

Limestone — Analy.sis of, SWg, 

— Compact, 359. 

— Crystalline, 359. 

— Granular, 36». 

— Magnesian, 356, 360. 

Lino of action of a force, 131. 

Linear aAih, 202, 213. • 

Load, 132, 247. 

Loam, 363. 

Locks of canals, 746. 
of docks, 766. 
of rivers, -52. 

Locomotive engines— AdI«sion of, 610, 7£ 

1 * 0 wer exerted I 
645, 798, 602. 
—Weight of, 794. 

Maokehia, 3.53. 

Magnesian limestone, 855, 360. 

Mahogany, 446. 

Malleable cast iron, 587. 
iron, 503. 

Manchester ship canal, 807. 

ManL’anese bronze, 799. 

Marble, 359. 

Marine surveying, 117. 

Marl, 363. 

“ifasonry, 849. 

—Ashlar, 884. 

— An^iioritics on, 436. 
built under water. 618. 

— Construction or, 382. • 

— In^traments used in building, 
391. 

— Labour of, 3fft. • 

— Mensuration of, 392. 

— Rubble, 386. 

—Stability of, 896. » 
das'tic. 876. 
de.wuRs* of area, 4. • 
of length, 2. 
of pressure, 161, 672. 
of volume, 4. * 

of weight, 134. 

—Table of French and British. 
772 
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Mensui^tion of brickwork, 39C t 
• of masonry, 392. 

Mermian -'Length of arcs of, 46. 

,, — ^To find the, 71. 

Mersey tnnnel, 596 

Metals — Various— ;md alloy.s, 584. 

Metallic structures, 494. 

Meters — Current, 097. 

„ —Water, 699. 

Mica, 355 r , 

Micrt'slatc, 356. 

Mile, 3. 

Mine -dust, 372. 

Minerals in stencs, 353. 

Mines or driftj>, 594. 

Modulus of elasticity, 225, 276, 531, 790. 
of pliability, 225. 
of resilience, 227. 
of resistance, 251. 
of rupture, 253, 201, .502. 

„ of stiffnr'jss, 226, 230. 

Moment, 139, 240; ol iium'Iki, 233, 251. 

„ of rc.siliencc, 251. 

,, of rcsi.stancc, 251. 

,, of torsion, 280. 

Moot Genis tunnel, 500. 

,, St. Cothavl tuniiul, 596. 

Mortar, 372. 

„ — Strength of, 374, 8t)8. 

Mortise and tenon, 450. 

Mounts^.! railways, 794. 

Naii. 8 and spikes, 460, 681. 

Neutral axis, 233, 250. 

8iirf&cc 

Niagara river bridges, 5425, 578, 5R2, 798, 
^ 800. 

Nickel steel, 799. 

Nicking out, 110. 

Nitro-dycerine, 348, 796. 

Noteb^oards — Gauging streams by, 081. 
Notches — Discharge of water through, 681, 

Oak, 443. 

Oflsets, 23. 

OfTstt-staff, 21. 

Optical square, 21. 

Ordnance datum) 803 ; plans, 5. 

Ores of iron, 494. 


PAMTOOIVfPH, 126. 
Parabola, 188. 

Parallplogram of forces, 135. 
Parallel projectionsr 1 19. 
Pavements,* 028, 630. 

Peat in water, 737. 
Permanent act, 223, 513. 



Piers — Iron, 670. i * ■ > 

„ of harbours, 765. | 

of river bridges, 717, 805. 

,, of stone arches, 428. 

„ — Timber, 483. 

Pig iron, 498. 

Piles, 602. 

„ — Bearing, 602, ‘ 

„ —Dijc, 618. 

„ — Screw, 672, 605, 

,, — Sheet, 605. 

Pile-driving, 602. 

Pillars — Iron, 620. 

„ —Strength of, 236, 622, 795. 
Pipes-Flow in, 699, 804,809. 

„ —Strength of, 227, 721, 801. 

„ —Water, 720, 795, 799, 805. 806., 
Pipe drains, 729. ' 

Pitching, 704, 711. 

Pits or shafts, 589. 

Plan, 1, 13. 

Plans— Copying, 125. 

,, —Engraving, lithographing, and 
printing, 125. 

,, — Enlarging and reducing, 126. 

,, — Scales for, 4. 

Plane-table, 77, 91. 

Planimeter, 34. 

Plank roads, 631 
Plaster, 378. 

Plates — Buckled, 545. 

,, — Iron, 605. 

' ,, — Strength of iron and Fteel, 511, 
513, 643, 767, 794. 

Platforms — Iron, 542. 

,, — Lqad on, 466, 584. 

,, of railway 5tation.s, 671. 

„ — Tvnber, 466. 

Blatometcr, 34. 

Pliability, 224. 

Plotting angles, 74. 

,, bv rectangular co-ordinates, 76. 

,, chained survey, 81. 

„ section, 90. 

Polygon of forces, 136. 

Porphyry, 358. 

Poi-tlaud cement, u07. 

Potash, 353. 

„ — Silicate of, 363. 

PoiTad— Foot, 139, 244. 

,, — Standard, 134. 

Pozzolanas, 372. 

Preservation of iron, 462, 514, 722, 799. 

„ c.' stone, 362. 

„ of tiir ber, 460. 

Pressure, 183, 162. 

„ — Centre of, 163. 

„ — Hydraulic, 675, 722. 

„ —Hydrostatic, 676, 722. 

,1 -Measures of, 161, 672. 



INDEX. 


819 


Pressul) of earth, 31^. 

„ ! of fluids, 164. 

„ ’ of water, 672. 

„ of wind, 2226, 638. 
Projections — Parallel, 149. 
Proof strength, 221. 
Protractor, 74. 

Paddle, i>44. 


„ wall, 7Q^. - 

Puddling, 504. 

Pug-inilT, 365. 

Pumping— Drainage bj, 728. 

—Water supply by, 734, 803. 
Pyrites— Iron, 495. 


Quark Y iNO, 344. 
363. 

Qiiavs -Stone, 765. 

,, "TP 1 luiber, 710. 
Quoins, 385. 


Rafi'krs, 292, 469. 

Rails, 665, 794. 

Railways, 633, 792, 798, 801, 806, 81o. 

, , —Action of brakes on, 644, 706. 

., — Ballast for, 663. 

„ — Best position for stations on, 

671. 

,, crossing other lines of convey- 

ance, 658, 795. 

,, —Curves on, 648. 

,, — Klevatcd, 798, 801. 

,, gauge -Diffciencc in, 798. * 

„ —Gradients »ith auxiliary po act 
on, 64.>, 794. 

„ — Junctions nnr^conncdiuris of, 

669. 

,, — Laying out an-'' foririation ol, 

656, 794, 798. 

,, — Mountain, 794. 

„ —Narrow gauge, 792, 809. 

„ —Power exerted by locomotives 

• on, 645, 802. 

,, — Resistance of veliicles on, 633. 

„ — Ruling gradient.s of, 641. 

,, — Sleepers for, 664, 805. 

,, — Tractive force on, 635, 802. 

Rain-fall, 692, 725. 

Rain-gauge, 695. 

Ranging and setting out, 99. • 

Reclaiimng land, 763. 

Reconnaissance, 9. 

Refraction— Astronomical, 129. 

„ —Correction of levels for, 87. 

Rdglme of water channel, 686, 690. 
Reinforced concrete, 810. 

Relieving arches, 412. 

Reservoirs— Appendages of, 704. 

„ — Ernbankments of, 702. 

„ —Lake, 707; Sites of, 70P. 


Reservoirs— Store, 699. 

,, —Time of emptying ji, 

„ — Town, 738. 

„ —Walls of, 707, 780. 
Resilience, 226. 

„ — Monient*qf, 2^1. 

„ of beams, 278. 

,, of iron and steel, 513. 

Resistance —Moment of, 251. 



of vehide-s, 6.33, 797, 809. 
ResoluAoii of forces, lj.>, 1-10. 

Resultant of forces, 135, H'L 
Retaining walls — Construction of, 409. 

„ • —Stability ef, 396, 40l. 

I Revetoments, 491. - 

I Ribs— Arched, 202, 213. * 

' — Bent— of timber, 464. 

^ , , — Built— of timber, 464. 

—Pointed, 218. 

Righi railway, 795. 

Right angle— To set out «, 22. 

Rigidity, 224 
Ringing engine, 603. 

River bridges, 717, 798. 

.. diversions, 713. 
embankments, 726. 

— Improvements 0 ^‘hannel of a, 71 L 
navigation, 752. 

— Protection of banks of a, 710. 

— Stability of rf, 708, 792. 
surveys, 707. 1 

—Tidal channel of a, 758, 763. 
weirs, 713. 

Rivets, 515, 530, 805, 

Rivetted joints, 515, 767. 

Roads, 623. 

„ — Asphaltic pavement, 630. 

„ — Broken stone, 626. '* 

„ crossed by railways, 658. 

,, —Laying out and formation 51, 62 1. 
„ -Plank, 681. 

,, — Rcsistanceof vohicleson, 623, 791, 

„ — Ruling gradients of, 622. (ftp. 

,, — StontVpaveincnt, 628. 

Rock blasting, 344, 848, 795. 

„ bla8tii\g, under water, 616, 796. 

„ boring, 344, 595. 

„ cutting, 317, 344. 

,, foundations, 377 * 

„ — Heaviness of, 348. 

„ quarrying, 344. 

„ — Tunnelling in, 695. 

R(^^f bfickwork, 390. 

Royehit Steam, 791. ^ 

Rood of masoniy, 392. 

Roofs — Covering of, 468. 

— Iron, 646. 

—Timber, 469. 

Ropes — Streqg^h of, 619, 798. 

Ruoble masonry. 386. 
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Ruling l^adicnt, 622. i 

Rupture— Anglo of, 421. 

— Modulus of, 262, 261, 602. 

Salmon stairs, 716, 

Sandstone, 667. 

Scales for pl.'ins, 4. 

„ for sections, 7. 

Scouring basin, 7G4, 7G6. 

Scraper lb» water [lipcs, 809, ^ 

Screws, 461, 516. ' 


Southwark bridge, 5^2. 

Spedfic gravity, 161. 

Sphere — ^Thick hollow, 229. 

Spring— Resilience or, 226, 227, 278, 
Springs— Water. 73 1. 

SU Clair Tannel, 600. 

Stability and strength — Summary of 
principles of, 131, 180, 210, 31J. 
Stand-pipe, 785. ^ 

Stars — Dedmation of, 73.' 

Statics, 131 


Screw piles, 572, 605, 766. Station-pointer, 120. 

Sea-dercTices, 760. Stations of railways, 671. 

Seasqping of timber, 447. * Steel, 506, 793. 

Sectim, i, 14,. „ — Nickel, 799. 

„ plotting, 911. „ — Resilience of, 613. 

„ —Scales for, 7. „ —Strength of, 509, 687, 767. 790. 

if — Woiking, 11. j ^ 794. ~ 

Sections of uniform strength in beams, 259; ] Steely iron, 606, 790. ^ 

Service pipes, 740. Stiffness, 133, 224. 

Set -Pcrinanont,#«223, 513. * Stimip or strap, 462. 

Setting-ont curves, 101, 661. Stones — Argillaceous, 358. 

.. levels, 113. .. — Artificial. 364. 367. 


„ reservoir embankments, 702. 

,, slopes and breadths, 11, 113. 

„ straight lines, 99. 

„ tnunda, 114. 

„ works, 1, 11, 99. 

Severn Tunnel, 596, “ 

Sewers, 729, 810. 

Sextan t/%3, 66, 119, 

„ - Adiustu'ents of, 65. 

„ — Taking Altitudes with, 124, 

Shafts — Sinking of, 589. 

„ —Trial, 331, 589. 

Shear, 161. 

„ steel, 608. 
kilic.snng force, 241. 

„ stress, 167, 281, 240, 266. 

Shells—Spherical, 228. 

Shield for tunnelling, 599, 6005. 

Siemens’ process, 793. 

Silica, 352 ; Silicates, 363, 'JG4. 

Simplon tunnel, 810. 

Siph^s for drainage, 728, 741. 

Skew arches, 429. 

Skew-back, 413. 

Slag, 496., • 

Slate— Chlorite, 857, 

„ —Clay, 369. 

„ — Grai^wacke, 869. 

„ —Hornblende, 367. 

„ Mica, 856. , 

Sleepers -Railway. 508, 664, 798. 

Sluices, (i84, 716. 

Snow and*sand drift, 810. 

Soapstone, 857. 

Solids, 164'; Stress of, 166, ,,,, 

Soundings, 121. 


„ — Calcareous, 359 

,, — Clietnical constituents of, 351. 

,, — Kxpansion of— by heat, 363. 

„ —Heaviness of, 348. 

„ — Mechanism for moving large, 390. 

„ — Predominant minerals in, 358. 
—Preservation of, 862. 

— Silicbous, 355. 

—Strength of, 860. 

—Structure of, 349. 

„ — Testing durability of, 861. 

Storage works, 783. 

Strain, 221. ^ 

Straps — Iron, 46i. 

Streams— Flow of, 686, 690, 792. 

« „ - Floods in, 696, 726. 

„ — Measurement of, 696. 

Streets— Pavement of, 628. 

Strength of arches, 296, 432, 481, 538, 

666 . 

,, against shearing, 231. 
of beams, 239, 249, 624. 
of bricks. 366. 
of bridges, 627, 642. 
of cast iron, 409, 767, 769. . 

u of conties, 486. 

,<j of frames, 466, 642. 

of hoUow cylinders, 227, 288, 
799. 

of long pQlars and struts, 236, 
620, 746. 

of malleable iron, 609, 678. 587. 

790. ’ 

of materials in general, 183, 221, 
799. 

of mortar, cement, and concrete^ 
374. 
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Strengtip of pipes, 222, 721. 

,, * of platforms, 465, 642. 

„ I of short pillars and stmts, 282. 
,, of spherical shells, 228 

,, of stones, 86u 

„ of ties, 226, 518 

„ of tie beams, 474. 

„ %f timber, 450, 492 
„ of wrought iron and ste^, 509. 
587, 790, 794. 

Stress — Measures of, 161. 

„ of solids, 166. 
btruts, 178. 

Subways, 600, 600a 
Suney — Order of operations in, 11 
„ — Trigonometrical, 08 

. Sniveying, 1, 8, 11, 803 
„ — Marine, 117 

,y ^ — Water-channels, 707. 

„ — Water -gathering ground, 

698. 

„ with angular instruments. 87. 

„ with the chain, 17. 

Suspension aqueduct, 745. 

„ bridge, 188, 542, 542a, 678. 
Swing bridn, 746, 808. 

Switches, 670. 

Syenite, 855. 


Tables of action of transverse load, 245. 

„ ^ of available rainfall, 696. , 

„ * of canal supply, 7oi. 

„ of catenarian curves, 435. 

„ of coefficient of friction, 172, 816 

,, of (limensionBofsuspsnsion bridges, 

582* 
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of French and Bnlnh measures, 
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of heaviness of rock, 348 
of mixtures of iron, 500. 
of moments of resistance, 254 
• of properties of timber, 452, 492 
of root material, 468. 
of squares and fifth powers, 776. 
of star declination, 78. 
of stone arches, 426. 
of strength of cast iron, 500, 602. 
of strength of materials, 452, 767, 

771 . • 


of strength of stones, 861. 
of strength of wrought iron and 
steel, llO, 614, 687, 790. 
of strength of wrought iron struts, 
622, 795. 

of stresses in Warren girders, 556. 
^of uniform strength in beams, 260. 
of velodties of enrrents, 708. 
of water supply, 781, 806. 
of weight ot earthwork, 817. 


rabj|s of weight and specific gjivity, 773- 

Talc, 357. 

Tf^ak, 446. 

Temperatnre — Bxjiansion and contraction 
due to* 281^462, 508, 525, 
627. 

„ — Straining effects of, 462, 

503, 539, 540 

Temp^g of steel, 607. * 

Tenacity of niateri ih, 767. 

Tension, 131, ll>l. 

i hames tunrj^l, 599 

fheiBs r iilway bridge, 565, $72. 

Theodolite, 5.1 • e 

„ Adjustments of, .*>8 
Thomas-Cilhhiist, oi basic steel, 794. 
4hrust, 1 14, lb I 
11 Inl channels, 768, 766 
„ drainage, 727, 741 
Tido-giu^s, 118 • 

Tides — Action of — on coasts aiiii harbours. 
769, 766. 

,, — Description of, 756. 

Tie-line in surveying, 24. 

Ties, 173. 

„ —Strength of, 226, <il8. 

Timber, 437. 

„ —Appe.iraiico )f good, 411. 

• „ bridges, 465, 475, 481, 80fc 
„ — DuribiHty of, 449 * 

„ — Exainpks of, 142, 446. 

„ — Felling, 418 

„ frames, 467. 

,, plerb 483. 

„ platforms, 465. 

„ — I’lcservation of, 450, 453. * 

„ —Seasoning, 447. 

„ — Strength of, 460, 451, 

„ trees, 439 
Tin, 585. 

''oroioii — Moment of, 280. 

'ower Bridge, 542 , Subway, COPa. 

'own refuse destructors, 811. 

'roction engines, 795. 

Tractive force, 635, 809. > 

■'raining dykes, 764. 
ramways, 682, 799. . 

„ —Cable, 799 , Flectnc,* 809. 
-Wire, 791. 

'ransformations of arches, 202. 

„ of forces, 149, ^ 

^ ^ of frames, 199. 

'rantlt instniinrn 1 , 99 . * 
ransporter bridges, 798. 

'ransverse load, 239 ; Strength, 249, 
rap rock, 356. 

'ravelling load, 247. • 

’raverser, 670. • o 

'ravening surv^, 10, 18, 70, 75. 
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Tree^Tli^er, 439. 


TreBca*8 experiments, 222a, 790. 

Trial'pite, 589. 

Trial-sections, 10. 

TriaDgles— Approx i'fiate solution of 
split rical, 61. 

„ — Solution of plane, 42. 

,, -^Solution of spheriCAl, 40. 

Triangalation, 12, 68. , e 

Trigonometrical formulae — Summary of, 36. 

„ survey, 68. 
Trigonometry-Use of, 9. , 

Truss, 18.3. 

,, bridge, '4r6. 

Tunnels —Arching of, 43.3. 

,, — Bluckwall, 600. 

„ — Construction of, 588, 594, if 

in dry and solid rock, 59.'). 

,, m dry figured rock, .lOG. 

„ m soft materials, 696, G0\) 

„ — Mont Oenis, 696 , Mont St. 

^ Goth'll d, 596 , Simplon, 810 

,, of canals, 7 15. 

,, —Setting- out, 114. 

„ — Thames, 699. 

„ under rit^ra, 399, 600, 600a, 6005. 
Turntable, 670. / j 


Undbbpinnimo, 692. 

Unit of force— Bruish, 134. 

„ — French, 186. 

Vbsutius railway, 796. 

^.Viaducts, 426, 494, 681, 660, 670. 
Victoria bridge, 533, 635. 

4 

Warfino land, 768. 

Warren girder, 549, 494, 566, 661, 670. 
Washers, 461. 

Water-channels, 686, 69(1 
„ „ — Stability of, 708. 

„ -Surveying and levelling, 

^ 707. 

„ — Compensation, 732. ^ 
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Slide Bars. — Connecting and Coupling llods -(^Wbeels and Axles, Axle ^xes, Uornoiocks, 
and Bearing Springs.— Balanc'.ng. — Valve (Jenr.— Slide Valves and Valve Gear Derails,— 
Prauilng, Bogies and Axle ‘I'rucks, iludiai Axle Boxes.—BoilorR.— Smokobox. Bla<k Pipe, 
Firebox Fittings.— Boiler MountingK — Timders. ilailway Brakes.— Lubrication.— Con- 
aumption of Fuel, * Lvanuration ami Knglne Lfflciency.- -Anieriean Locomotives.— Con- 
tinental Locomotives — UopaivK, Ituniuug, Inspi'ciiun, and lienewals —Throe Appendices 
—Index. 

**The work contains all that can hk li'Auni from c. book upon Huch a subject. It 
will at once rank as tiik hTANiiAKii wohk t pon tiii.s impori ast srii.ivcT.' - Huilvay Magazine. 


NgV' liKMiY. In 8vo. Fully I llustr.itetl. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

iv F. CAlliXS. 

Contents. -InlrodiKloiy. Cunipoiinding and Siipnliralinjr for Locomotives. .V 
Classitlealnm of ('oiiiiiotiiid Sj.stctiLS lor l.o(‘oiiidtive.s. - The ilistoi'} and Development of 
tlie Compound f.ocomolive. - TMod’ylimler Non .\ulomatie Systems.- Two-Cylinder 
Automatic SysteniH,- (M,her T>\o-(\vlindei sVst»*in.*^.—Tliree-C> Under Sygtenis.—Fonr- 
('yJiiider Tiuideni S> stems Four-Cj hiider 'rwo-Cruiik Systems (i)ther than Tandem) - 
Funr-(!yliiiilei JkiliiiuMsl .Systi'inj<. - Kour-Cyliieler Divideil «and Itninneetl Syslems.- 
ArlieiiliiLcd Compound Knuliie.s. TiTiile-L\]>aiisioii I.ocoiin>ti\TB.' Conipoiirid Rack 
liieinnolive.s,— Coneluding Reiii.’irks Cimreniiii” Coniponml , l.ocoiiiotives. — I'he Use »»f 
Superlie.'ited Steam for l.i»eoiiiot.ives.- ^ , 


in Large 8vo. Handsome Cloth. Wuh Platen and illustrations, 16s. 

ILiIGHT 

AT HOME AND ABROAD. 

By william HENRY OOJ.E, M.Ibst.O.K, 

* ^ Late Depnty-Managor, North-'Westom Railway, India. 

CorUents . — Diacuesion of the Term “Light Railways.” — English Railways, 
(Rates, and FarmerH. — Light Railways in Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland. — Road Trans- 
TOit as an altornativo.- The Light Ritilways Act, 1890. —The Question of 
Gauge and WorlCoj!^. — Locomotives a-d Rollii^-Stf^. —Light 
Railwa^ in Euglaxhl, Scotland, and 'Wales. —Appendices and Index. 

**'Will remain, for suniA time yet a Stanuakd Work in everything relating to Light 
Rallirays."— 

“Tne^hole subject is kxiiaustivelt and PBAcncALtiT considered. The work can be 
cordially reconimoiided as i.mmspknaablk to those wbose duty It Is to become aoqnaiu'Ml 
with ono of Che prime urtf’essltjoj of the imnaediaf^* futitn* ” — Raitwnv Otneiat ftatPfU 
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JfouKTU JiiDiTiON, Thoroughly Ko'^lised and Greatly Enli^rge^. 

With SumsrofM llluziTatu Price 10 b. 6d. 

VAIVES AND VALVE-GEARIITG: 

A PRACTICAL TEXT^BOOK FOB TFE .USE OF 
EtflGlNEERS, DRAUGHTSMEN, AND STtJDENTS. 

By CHARLES, hurst. Practical Draughtsman. 

IMitT T.— StPaiu Eii;:ine ^ ih PA'y* 111 \ii t'nininvK'.or :uh1 

Part II. — (ias Kih'IHc VuIv ami 

Geai>. I IMr.r IV I’limii \ al 

"Mr. llUHSTB valfbs au(1 talvb-^rarino will pnno a «rry tan .ml, iml tiiid Ui the 
production of Enfrluvd of aciRRTiPic DBi^iGN and bconouical working Wni lu* laigoly 

■ooffht after by Students and Deslfriiora "—Marine Kfujttt^er 

•* Ah u pnolnail trc.aii‘!o on the .subioct ih«- lio-ik sMikIh wnh \ Al ' - .l/eoAay/ifa/ 

KVo d. 

Hints on Steam Engine Oesis*^* and Construction. ]>y ('ji.vki.kn 
rfuKHT, “Author of V^alvos aiul Vaht* (learni'.:. ' SreoND Mditidn, 
Ilcvisetl. In Paper Hoards, 8yo., i;iotU liack. lUnsi rated. Price 
Is. 6d. net. 

Contents— I Stcani Pipes.— II. Valves— III. C>liiulorH — -IV Air Puiiips amt Con- 
dotiRers.— V. Motion Work. — VI Crank Shafts and PoduHtals — VII Valve (tear,— VIll 
Lubrication — IX MfRCclIanoous UetailH ' Ikokx. 

*‘ A bandy vuluiiie which every praefiiMil young engineer sh )uld poHseHs." — 7'he Model 
Kvqtiieer. 

0 

Sixth Kdition. Kolio, strongly i^alf>hound, 21 s. 

nTRAVERSip 'TABIL.SS: 

Computed to Four Places of Decimals for every Minute of A/%:le 
up to If^ of Distance. 

For the Use of Surveyors and Engineers. 

Bv RICII.XRD Li.OYD GURDKN, 

Authorised Surveyor fey the Governments of New South Wales aiio Victoria. 
*** Published with the ^Concurrence oj the Surveyors^ General tor New Sou^ 
JValert and Victoria. 

"lliose who have expeneuce in exact Sohvkv-wokk will besi know bow to appreciate 
the enormous amount of labour represented by tbis valuable book. I'he compulation' 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
hal# an inch, an^ this by rkpbrbncb to but (.)nb Taulk. in place ot the usual Fifteen 
minute computations required. This alone is evidence of tb^ a*isi.stance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of suck 
assistance fkw knowing of thkik pubi-ication win. nrmain \mtmolt thbm." 

A jj , r'f/eer, 

• Strongly Bound in Sujier Royal 8vo. Cloth Boards. Ts. tid. net. 

For Calculating Wages on the Bonus or Premium.^ Systems. 

For Engineering^ Technical Allied Trades. 

By henry a. GOLdlNG, A.M.Inst.M.E., 

Technical ARs{tit.ant to Messrs. Br>nii Donkin and Clench, Ltrl., and Assistant Lecturer 
In Mechanical Engincerint; .*it the Northampton Iimtituie. London, E.C 
"Cannot fail to prove practically serviceable to those for Mlioni they have been 
designed.**— gcofAw imi. ' 

lONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXcTER STREET, STRAND. 
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CHARLES ORlFFllr d: CO.*S PUBLICATiOm. 


itKADY. SKCONii J<]DiTior. Large 8vo, Handeome Cloth. With . 
Illufltrafions, Tables, &c. T 

Lubrication & Lubricants: 

A TREATISE ON THE 

THEORY AND PRACTICE OF LUBRICATION 

I. ' 

' ON THE 

NATURE. PROPERTIES. AND TESTING OF LURRICANTS. 

By, LEONARD ARCHBQTT. F.I.O., F.O.S., 

Cheiniat to tho Midland Railway Company, 

(« 

AND 

R. MOUNTFORD DEEtEY. M.I.Mkch.E., F.gISS.,^ 

Clilof LoconioUvr Suporlntendcnt, Mltlland Railway Company. r 

Contents.— I. Krlctlnn of SolUla.- IT. Lk|uld Friction or VUcoBlty. and Plastic 
Friction.— III. SiTporllcial Toneion. -IV. Tho Theory of Lubrication.— V. Lubricants, 
their Hources, Preparution, ami Propcrtlea.- VI. Physical Properties and Methods of 
Kxamlnatlun of liUhrlcunta. -- VII. Chemical Properties and Methods of Examination 
of Lnhrlcanis.— VIII. The Systematic Testinp; of LuhricRnts by Physical and Chemical 
Methods.— IX. 1 'ho Mechanical 'J'cstiiiff'of liUbricants.— X. Thu Duslipi and Lubrication 
of Bearings.— XI. 'I'ho Luliricatlon of Machinery.— Index. 

“ Destined to heronie a GLASSIO on tho subject.’’— /ndustnV* and Iron. 

"Coiitains pnictically ALL that is known on the subject. Deserves the careful 
sttentfori of all EiigiiicerH.'’- Railway Ofltrint an-cfU' 


^ Foctrtu, Edition. VtryfvUy lUuLutrated, Cloth, 4 s. 6(i. 

STEAM - BOILERS: 


THXSIR DEFECTS, MANAGEMENT, AND OONSTRIJOTION. 

By R D. MUNROf, 

* Chitif Bnqinter of the ScottUh Boiler Insurance and Kng^ne Inspection Company, 

Gbni-'.ral CONTKNT.S.— I. Expiosiows caiiscd (i) by Overheating of Plates— (2) By 
Defective and Overloaded Safety Valves— (3) Hy Corro.sion, Internal or External — 14) By 
Defective De.sign and Construction (Unsupported Flue Tubes ; Unstrengthened Mannoles ; 
Defective Staying ; Strength of Rivetted Joints; Factor of Safety)— 11 . Construction of 
Vrrticai. Boii.kkh: Shells— Ciowii Plates and Uptake Tubes — Man-Holes, Mud-Hbles, 
and Fire-Holes— Fireboxe.*! —Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers— Table of Rivetted Joints— Speci<icatioD.s and Drawings M 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; ifi) aoo lbs. per square inch respectively. 

" A valuable companion for workmen and engineers engag^ uoout Steam Boilers, ought 
to be carefully studied, and alway.s at hand." — Coll . Guardian . 

"The book is vauv usHKri., especially to steam users, artisans, and young Engineers.'*— 
Engineer . ' ' 


By TH£ SAME AUTHOR. 

KITCHEN BOILH^R EXPLOSIONS: Why 

they Occur, aA'd How to Frevebt their Occurrence. A Practical Hand- 
book based on Actual Experiment. Wiili Diagram and Coloured Plate* 
Price 


LONDON: CHARLES GRtvFIN & CO., LIMITED, EXETER STREET, STRAND. 
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JUnst rated, 55 . net, • § 

MACHINERY. 

A Text-Book of Workshop Practice In General Tool Grinding, and tho 
Design, Construction, and Application of the Machines Em^oyed. 

By R. B. HODGSON, A.M.lNsr.MKcn.E. 

Inti.ODUCTION. — T ool Grinding. — Emery Wheels. — ^loimting Emery Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Mach /lies.— Concave and Convtix Grinding. —Cap and Cone 
Machines. — Multiple Grinding. — “GuestV Univor.‘-al and ('utter Grinding 
Machines. — Ward Universal Cutter (innder. — !'ies«;. — 'loul (,innci ag. — I-athe 
Centre Grinder. — Polishing. — Ini >ex. 

“Eminenlly uracticnl . . c.timot f.nl to .iltrici ili^ nolitr of ihr ift*ers of this cl:is» of 

•nachinery, ana to nieci wiili c.aefiil jH'iusal Tmde Journal. ^ 


BmmEEBmQ ai 


' Jn Crenvn %voy Cloth, FtJi 

emerV GRINDINI 


In fuRKi: Paki^. Crown Svii, I iemisomc CIoili. Wn Enlly Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By \V. POYN'rER ADA^MS, M.Inst.K.E. 
i2>r 

Part I. -The Petrol Car. Part II.— The Electrical Car. 
Part III.— The Steam Car. 

• 

PART I.— THE PETROL CAR. (SECOND EDITION,) 5s. net. 

Contents.— StK TlON I. — ThK MK( HA.MSM OI- llfK Pl.'IKCU, (^\K.— 
Tho Engine. — The iCngino Acces'-oi ic‘>. — h'lectiit.al Ignition .iml .VcceS'.oiiLs. 
— .^^uI^^pIe (Cylinder Engines. -Tift* Peliol. The ('hassis and Driving (io.ii. 
—Section 11 .-— The Manackmk^ r <n tiiePkiuoi C’au 'PIic Engine. 
The Engine Accessories. - -I'dectiical Ignition. -The Chassis and Driving 
(Jear. —General Man.agenient. tii.oS'^AUY. Inih.x. 

>1111111(1 be c.'ii cfiilly stiuli'vl by ilu»sc who ha\c anything to tlu with nn.tur,.’ - 
mobile anti Carriage l^uil^en' l^ournal. 


At PiiEss. In Largo 8vo. Handhoine Cloth. Very Fully Illustrated. 

• . A MANUAL OF 

PETROL MOTORS AND M^TOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 

. • By F. STK1(M\LA'NI\ 

General Contexts.-- Vast I.^K.vgink.'^.- flistoi-ical — I'own- itiriinred. -'General 
Avrungemeiit of Engines. — l;(inti«iii. - CarburettarH. -('ylni<l»-v.-, Pistons, \ wives, 

Crunk Shafts, Crunk Chambers, Cants, Kuiiiuts, Giudes, dec. — Pumps. — Flywheels. — 
Pipe Arrungements.— Silencers.— Engine Control, Itniaiicing.— -.Mi>tor (!ytie Engines.— 
Murine Motors. — Two-Cyele ^Motors. — }*ura11i^ Carhurcttois. — Gas PivkIucjts. Part 
11.: Cars.— G eneral Arrangements -• Cliitcli^s -^'raiismission ^ Ditrcrciitial Cieura. - 
Tiilversal Joints. -Axles. — Spritigs. — Radius Roils. — Drakes. — Wheels. - Frames. — 
Steering Gear. — Radiiitor. ~ Steps, Mudguunis, Ronnets, &c. - Lubrication. — Ball 
Beuriims. -Bodies. — Factors of Safety.— Cnlrulations of Stresses.— Special C^iange .Speed 
Gears. -Special Cars. --Commercial Vehicles. -Racing Cars. - Index. 

LONDON: CHARLES GRIFFIIMI CO., LIMITED. fNETER STREET,' STRANU 
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OHARLBS QRIFFIN ffc OH.’S PUBLIOATIONS. 


>, . WOIKS BY 

ANDREW JAMIESON, kiNST.C.E, M.LE.E, F.R.S.E., 

Fartkiriy Professor of Filectrital F.iti^ineering^ The Glas. and TV. of Scot. Tech. Cf»lC. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

in Large Crown %vo. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

-\N1> l,-(^ILKkS. For llio Use nf l^tjineers ai.d for Studehts preparing 
for Kxaininations. With S(X7'^pp., over 400 Illustrations, 11 Plates, many 
IJ. of IC., C. and (j., (^)ii(Jslion.s and Answ'ers, and all Inst. C'.l'.. Kxams. 
on Theory of Hmt Eii\:iue\. Fifteenth Edition, Revised, iojs. 6d. 

** l*he Ubst Book yet published for the use of Students/'— 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Ivcludiuji All the Just. C.E. E\atn^. in (i) Applied Meclv’nic^; 
(2) Strenj^th and Flaslicity nf NRterials ; (3a) Theory of Structures; 
(ii) Tlicoiy of Machines; Ilyrlraulics. Also Ji. of F. ; C. and G. (2ues'.lons. 

Vol. I. — Comprising 56S pages, 300 Illustrations, and Questions: 
Part 1., The Principle of Work and its Apphentions; Part II.: Friction, 
laihricatiiin ul iWaiings, ^l(•. ; 1 iilfeiriit kind', of (iearing and their Appli- 
cations to Workshop looK, Fifth Kdition. Ss. 6d. 

“ Fui.ly maintains the rcpiitation of the Author." — Pract. JCnj^i/ieer. 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations; Mdtion and Energy, Theoiy of SHucluresor CJrajjhic Statics; 
Strength and Flnst icily of Materials ; Hydraulics and Hydraulic 
Machinery, Fij ni Edition. 12s. 6d. 

• VVrij , AND UGCIDLY WKiTT UN.”— 7'A^ AngtHcer. 

Knch of the ahope volumes is iomf^lete tn itself and sold separately. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown 8w, With Illustrations and Examinfition Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First-Year Studento, forming an Introduction to the 
Author’s larger Work. Flf.vknth Edition, Revised and Enlarged. 3/6. 
‘ ‘ Should be in llic hands of evku v engiueering apprentice." — Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementaiy 

Manual of). For Firsl-Year Students. With Sui 1 Inst. C.E. and B. of E. 
Exam, iliicslioivs. SKVFxrH Edition, Revised and Enlarged. 3/6. 

“A TMORou<jHt.Y TRUSTWORTHY Tcxt-book. PRACTICAL an ’ dear."— Wn/wFir. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year .Students. With B. of K., C.aiid G. ; and Stud. Inst. C.E, 

, (Questions. SFtL.N'ni Edition, Revised and Greatly Enlarged. 3/6. 

" The work has vkky high gyALiTiKS, whtch may be condensed into the one word 
* Ci.BAK.'”— JviVwr tfunf Art. 

A POCKET-BOOK of ELE^RICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By JoH.v Monro, C.Bk, 
and i^rof. Jamikson. J’oeket Sire. Leather, 8s. 6»1. Eighteenth 
Edition. ^ ^ _ _ [See p. 48. 
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W; J. HACQUORN RANKIHE, ILD., KR-S., 

Late Regius Professor of Cloii Engineering In the Uniu^rsityjof QIasgow. 
THOROtrciULY REVISED 

• • 

w. j. MIL Aar, c.e.,‘ 

Late Secretary to the Institute of Engineers nrd Shipbuilders In Svot/ar d 


A MANUAL OF >^PPLIED MECHANICS : 

Compriainj; the Principles of Statics atnl ( 'incMnatics, and Theory uf 
Stractures, Mechanism, and MachiiR^a. With Nmmeroua Dia/rania. 
Crown 8 VO, cloth. Skvkntkkntic Kditimn. 12s. 6d. 


A MANUAL OF CIVIL ENGINEEBIN6 : 

Compriaing Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Hoads* Hailways, Canals, Rivera, ^aterworka. 
Harbours, &c. With Nunaeroua Tables and Illustrations. Crown 8vo. 
cloth. Twenty-Second Edition. 168 . 


A MANUAL OF MACHINERY AND MILL WORK :* 

Oomprising the Geometry, Motions, Work, Strength, Construotion, and 
Objects of Machines, &c. Hlustrated with nearly 300 Woodcuts,* 
Crowxf 8vo, cloth. Seventh Edition 1^. 6d. 


A MANUAL OF T^E STEAM-ENGINE -AND OTHER 
PRIME MOVERS: 

With a Section on Gas, Oil, aniF Vb Engines, by Brtan Donkin, 
M.In8t.G.E. With Folding *PlateB and N^erons Illustrations. 
Grown 8vo, oloth. Sixteenth Edition. 12b. 6d. 
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Pi^F. SlANKiNv’s Works— ^ 

^ USEFUL RULES AND TABLES: 


For Arohitects, Builders, Engineers, Pounders, Mechanics, Shipbuilders, 
Surveyors, Ac.' 'With Appendix for the use of Elbotrioal Enoinxbrb. 
By Professor Jamt^ok, P.R.S.E. Seventh Edition. 10s. Bd. 


A HECH4NICAL TEXT-BOOK: 

A Practical and ^.Simple Introduction to the Study of Mechanics. By 
Professor Rankin e and E. F. Bambbr, C.E. With Numerous Jllua- 
trationa. Grown 8vo, cloth. Fift^ Edition. 9s. 

*•* Tht Mkohanioal Tkzt-Book ** Eoca duigntd fry Professor Bankinb m mi Iktbo- 
BUOnoM to tht abottt Ctritt of lianuaL. 


MISCELLANEOUS SCIENTIFIC PAPERS. 

^ Royaf 8vo. Cloth, Sis. 6d, 

Part 1 . (?aperB relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave- Forms, Propulsion of Vessels, Ac. 

With Memoir by Professor Tait, M.A. Edited by rW. J. Millar, C.E. 
Wlj^h fine Portrait on Steel, Plates, and Diagrams. 

*' No m'^re end\trinM Memorial of Professor Rankine could be devised than the publics 
4aaa of these papers m an accessible form. . . . The Collection is most valuable oc 

account of the nature of his discoveries, and the beauty and completeness of his analysis 
, . . The Volume exceeds in importance any work in the same department publisher 
in our time. rchifeci. 


By W. .VINCENT SHELTON (Foreman to 

the Imperial Ottoman Gun Factories, Constantinople) : 

THE 'MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artisans. With (opious TabICs acd Valuable Recipes for Practical Use. 
Illustrated. Second Edition, Crown 8vo. Cloth, 7/6. 
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Third Edition, Thoroughly JCevised auM Enlarged. JVith 60 Plates Sul 
Numerous illustrations. ' H^dsome Cloth. 345. • / 

HYDkAULIC POWER 

• AND 

HYDRAULIC MACHINERY. 

BT \ 

HENRY ROBINSON, M. Inst, C.E., F.G.S., 

FBLLOW or king's COLLBGB, LONDON; PROF. KMRKIl #S OP CIVIL KNfllNHhKlNG, 
KING’<i COLLRGR, RTC., RTC. 

CoNTKNTS — Discharge through Orifices. — Flow of W.iicr thruiigli Pipe*.— Accumiihitors. 
— Presses and Lift.s. — Huist^ -Rams - -Hydraulic Kni;iucs.- Puinpiiii; kiiRines.-- Capstans. 
— Traveners. — ^acks. — Weighing M.ichines. — KivctiMs .«nd Shop Tools. — Punching. 
Shearing, and i'langing Macliiiies. — Cranc*^- Co.d JJischaiging Machines. — Diills and 
CutlcrsJ^Pile Drivers, Exc.avalor.s, &c - Hydraulic M.i(liin(.ry applied to IJridgev, Dock 
Gates, Wheels and Turbines. — .Shields. — V.arious Systems and Power lnsiall.it ions — 
Meters, &c.— Indkx. • • 

“The standard work on the .ipplication of water power." — Cassiers Magazine. 


Second Edition, Greatly Enlarged. With Frontispiece, several 
Plates^ and over 250 Hhtstmtions. 21s-, net? 

THE PRINCIPLES ANp CONSThCTION OF 

PUMPING -MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical lllustrXtioDs of Kn(:inu.s and Phmp.s applied to Mining, 
Town Water Sueply, Drainage of Lauds, &c., also Economy • 
and Efficiency TrialS of Pumping Machinery. , 

By HENBY DAVEY, 

• Member of the Instltotion of Civil Englneern, Member of the Institution of 
Mechanical Engineers. F. G S , Ac^ 

Contents — Early History of Pumping Iln^nes — Steam PuDijiing Engines— 
Pumps and Pump Valves — General Principlen of Non-Kotative Pumping 
Engines — The Cornish Engine, Simple and Compound — Types of ^’fiIL^ng 
Engines— Pit Work— Shaft Sinking — Hydraulic Transmisbion of Power in 
Mines — Electric Transmis.si(>n of J^ower— Valve (Tears of Ptwipinji F^ngiues 
— Water Frebsure Pumping Engines — Water Works Fmgines — Pumping 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other • 
Low-Lift Pumps — Hydraulic liams, Pumping Mains, &c.- Index. ^ 

'*87 the *one English Engineer who probably knows more about Pumping Machinery 
than AFT OTHBR.’ . B . A VOLUME KhCORDIKt^ ThT RESULTS OK KXPKBIENOK AND 

STODT.'*— 7%< Bthgiueer. 

» Undoubtedly TBE best and host practical TKKATt.sE on Pumping Afochlnery that bar 
TBT BRRH PUBUSMBD. "—Mining Jownal. 
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ftaytU Boo, Handsome doth. numerous Illustrations and Tables. 25s. 

'THE stability op ships. 

^ BV 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

tmQHT 07 TlfB IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSRFK OF 
AUSTRIA ; MBDJIDIR OF TURKEY .* AND RISING SUN OF JAPAN ; VICV- 
PRBS1DB1|IT OF TUB INSTITUTION OF NAVAL ARCHITECTS. , 

Sir Edward Reed’s * Stability of Ships * is invaluable. The Naval Architect 
will find brpught togetner and ready to his hand, a ma^is of l.iformation whiLh he would othev- 
wise have to seek in an almost endle;^ variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.** — Stramship. 

THE DESIGN AND- CONSTBUCTION OF SHIPS. By John 
Harvard Bilks, M.Inst.N.A., Professor of Naval Architecture in the 
Univer.sit^^ of (ilasj^ovv. [/« Preparation, 

. 

Third Kdition. Illuslratcd with Plates, Numerous Diagrams, and 
Figures in the Text. i8s. net. 

STEEL SHIPSs 

THEIB CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 

By 'rHOMAS WALTON, Naval Architect, 

ACTIIC i OK “ KNOW YOUK OWN SKIP.’* 

OoNTKNTH.— I. r/faiiiifacture of Cast Iron, Wrought Iron, and Steel. — Com- 
positioD of Iron and Steel, (Quality, Strength, Tests, Ac. II. Glassification of 
Steel Snips. HI. CoiiHideratioiLs in making choice of Type of Vessel — ^Framing 
of Ships. IV. Strains experiencetl by ^hi])s. — Methods of Gomputii]^ ana 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction. — Types of V’essels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Uivettiiig, Workmanship.^ VI. Pumping Arrange- 
ments. VTI. M.aiiiteuauce. — Prevention of Deterioration in the Hulls of 
rShips. — Cement, Paint, &c. —I ndex. 

So thorough and well written is every chvptor in the book that it Is dltllonlt to select 
any of 6houi ah being worthy of exi'eptioiial praise. Altogether, the work is excellent, ami 
will prove of great value t«i those for whom It ia Intondoil.”— r/ir Knginetr. 

At Press. In Handsome Cloth. Very fully lllii^-tratcd. 

PRESENt-DAY SHIPBUILDING. 

' For Shipyard Students, Ships" Officers, a .d Engineers. 

Hv THOS. WALTON, 

AiitluM' of “ Know Yojt Own Ship." 

Gemek.a l Contents.— (U assification. —Materials used in Shipbuilding. — 
Alternattvo Modes of Construction. — Details of Construction.' — Frammg, 
Plating, Uivettiiig, Stem Fra^nes, Twin-Scre-''^ Arrangements, Water 
Ballast Arrangefiicuts, IjoadiDg' and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. — I ndex. 
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I ponies. 

GRIFFIN’S NAUTICAL SERIE^. 

Edited bt EDW. (lAOKMORE. 

, Muter Mariner, First Glau Trinity House CerUfleate, Assoc. Inst. N. A. ; * 
AND WkITTEN. HAlNLr. by BAILORS for SAILORS. 


THIS ADMIRABLE SERIES. ’'—jFairp/ai/. "A VER*' USEFUL SERIES."— ATfllafV. 

“EviCRT Ship should have tho whole heihem :\b a Hef^kencb Library. Hand< 
SOMSLY Bound^LEARLY PRUNED and ILLUSTRATED."— Liwrpofrf Joum. nf Gommsrec. 

The British Mercantile Marine: An\ Historical Sketch of its Rise 
and Development. By the Editor, (^Airr. Blackmokk. Ss. 6d. 

Captain Blackmore a SPLENDID BOOR . . . cotiluina pnragraplis on every point 

of Interest to tho Merchant Murine. The tJifl patces of Uiia book are the most VALU- 
ABLB to the sea captain tliat have ever been tompiled.’ — .V ercAanf Setowt Review. 

Elementary Seamanship. Hy H. Wh^dn-Harker, Master Mariner, 

F.R^.E,, F.a.0.8. With .iiiinerous Plates, two in Colours, and Froutispiooe. 
Fourth Edition, Thoroughly Kovued.a With addllional Illustrations. Cs. 

“piis ADMIRABLE MANUAL, by CAIT. WiLHON BARKER, of the ‘Worcester,' seems 
to ns PERFECTLY DESIGNED. "—A fAeacentn. 

Know Your Own Ship: a simple Explanation of the "Stability, Con- 
stmetioD, Tonnage, and Freeboard of Ships. By THOS. Walton, Naval Architect. 
Ninth Edition. Ts. 6d. 

“Mr. Walton's ho<jk will be found very useful."— I'A e Jingitieer. 

Navigation : Theoretical and Practical. By D. Wilson-Babkbr 

and William Allinouam. second Edition, Kuvised. ‘.is. 6d. » 

** Precisely the kind of work required for the New Certlfleates of competency. 
Candidates will find it' invaluable."— AtimrCUer. 

Marine Meteorology : Eor Oili«er.s of the Merchant Navy. By 
William Allingham, First iJlass liunours, Navigi^ii, Science and Art Deilirtraent. 
With Illustrations and Maps, and jjfietimUe reproduction of Ibg page. 7 b. Od. 

" Quite the BEST publication on this subject." — Ship-piim Gazette. 

a 

Latitude and Longitude : How to And them. By W. J. Millar, 

C.B. SECOND Edition,* R evised. ‘2s. 

" Cannot but prove an acquisition to those studying Navigation ." — Marine Engineer. 

• * 
Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.S. Second Edition, Revised.* Ss. 6d. 

“ Well worth the money . . . kxckedinoly helpful.”— Skippirnr World. 

Trlgonomet^ : For the Young Sailor, Ac. By Rich. C. Buck, of the 
IhameB Nauncal Training College, H.M.S. " Worcester. 1 Third Edition, Revised. 
Price 8s. 6d. 

‘‘This EMINENTLY PRACTICAL and reliable volume ” — Schoolmaster. 

Practieal Algebra. By Rich. O. Buck. Companion Volume to the 
, above, for Saflors and others. SECt)HD Edition, Revised. Price 3b. 6d, 

• " It is JUST THE BOOK for the young sailor mindful of progress." — R^utieaiMoffCUine. 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsbubg, « 

M.A.,1JLD., of the Inner Temple and Northern Circuit; Borrister-at-Law. Second 
Edition, Thoroughly Revised and Enlarged. Price is. 6d. ^ 

" Invaluable to^mutors. . . . We can Riil^ recommend it. 

A Medical and Surgical Help for Shipmasters, including Fint 

Aid at Sea. By Wm. Johnson smith, F.R.C.S., l^cipal Medical Officer, Seamen’s 
Hospital, Greenwich. 'Puikd Edition, Thoroughly Revised. 68. * 

"SOUND, JUDICIOUS, REALLY HELPFUL."— 2'ke Lancet. 

LONDON: CHARLES GRIFFIN FCO., LIMITED, eHtER STREET, STRAND. 
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4<( CHARLES QlttEFI^^ A GOJS PUBLICATIONS. 

GRIFFIN’S NAUTICAL SERIES. 


Introductory Volume, Price Ss, 6d, 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MAS3-HK MARINUM; ASSorjA'IU f>F THR INsTni^'TION flU NAVAI. AKCllrrHCTS; 

MhMIlRK OR IfIK INSIIff VIUN OP HNUINRKKS ANl> SIIIPDUILUKKS 
IN SCO! LAM); 111)1 1 (.it i)H t.KIPPlN'S “NAUIICAL SHRIES." 

General (’ontknth.- IfiSToitiCAL: From Fiiirly Times to 1480' Pri^en 
ander Henry VTIT. — To Death of Mary— During Elizabeth’s Reign- Up to 
the Reign of' William Hi.- -'J’he 18th and lOtli Centuries—Institution o! 
KxaminatioiiH — Kise and I’rogroHS of Steiim Propulsion — Development of 
Free Trade Shi]»])ing Legislation, 1862 to 1875—“ Locksley Hall*’ Case- 
Shipmasters’ Societies Loading of Ships— Shipping Legislation, 1884 U. 1894— 
Staustics of Shipping. 'I’ltE Pkusonnel: Shipowners— Officers— Mariners— 
Duties and Pre.sent Position. Eoucation: A Seaman’s Education: wnat it 
should be— Present Means of Education - Hints. Discipline and Duty— 
Postscript— The\'^eriouH Decrekse in the Number of Pritish Seamen, a Matter 
demanding the Attention of the >(ation. 

'^iNTBRRKTiNO iiiid Imhtrijctivk . . . tuay be read with promt and KNJOYHfiNT.'’- 
Olatgoto Herald. 

^Evkky BKANCif of the subject Ih dealt with m a way which shows that the writer 
* knows the rop«*H' fanilliarly.''->)SrM/«m//n 

‘‘This ADMiKASLK boolc . . TKkMH With usefiil Information— Should be in the 

hands of every bailor. w Marmug Kews 


Koukth Edition, Tlwrouijhly dievised. With Addiiiowil 
IlhittfralioHif , " Price 

A MANUAX^ OF 

ELEMENTARY SEAMANSHIP. 

I' 

•• BT 

D. WILSON-BAUKKll, Master Mariner; F.R.S.E., F.R.G.S., A;o., &o. 

yotrNQKR BROTIINK OF TJIK TRINITY HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 
in the Text. 

GyNEKAL Contents. — 1’he Building of a Ship; ’’arts of Hull, Masts, 
&o. — Ropes, Knots, Splicing, &r. — Gear, Lead and Log, &c. — Riggug, 
Anchors — Sailmaking ' T’he Sails, &c. — Handling of Boats under Sail ^ 
Bi^pals ai-d Signalling-- Rule of the Uoad— Keeping and Relieving Watch — 
Points of Etiquette— (Bossary of Sea Terms ^d Phrases — Index. 

* *** The volume contains the nkw rules or the road. 

This a)(uisi\bls manual, by Oapt. Wit.son-Baskeb of the ‘ Worcester,' seema to os 
PERFECiLT DKsjoNKP. and holda Its pl^^e Qzcollently in * Qrif nt'a NaimaAL Series,' , 
Although intended foi^ those who are to lecome Officers of the Merchant Navy, it will be 
found useful by all yachtsmen."— illAcnieum, 

^ •** For complete List of Griffih'b Nautical Bebiks, see p. .39. 

LONDON . CHARLES CRIfF.IN & CO., LIMITED, EXETER STREET, STRAND. 



SAOTi&AL^oltibi.*' 41 

GRIFFIN’S NAuAcAL SEBlES. t , 

Second Edition, and^lllustrated. Price/ 3s, $d. 

‘iSTAVldATIOISr: 

PRJLCTICJL]:i AND rTHJBORJEr'riCAXi. 

By DAVID VVILSQN- BARKER, R.N.R.* F.R.S.K., <feo., &o., 

ANli 1 * 

WILLI AM ALLI NL HAM, 

FIRST-CLASS IIONOL'KS, NAVlOATloN, SOIKNCK ^NH ART DKPAUTMKNT. 

TSnttb numerous SUuetrattoiid anb Bianiination‘^(Slue 0 ttoit 0 . 

General Contents. - Definitions— Lai and Lontritifde — Instmineuta 
«f Nanigation— (vorrectiou of (%»iirR«s — Plano Sailing — Traverse Sailing- Day’s 
Work — Parallel Sailing — Middle S-.atitude Sailing — Mercator’s Chart 
MerOktor Sailing— (’nrrent Sailing — I’oaitnm hy hearings- -Great C'ircle Sailing 
—The Tides— Questions — Aimewlix: Coinnass J^>ri»r — N^iinerous Useful Hints- 
Ac. — Index. 

** PoKOiflKLT the kind ot work requircil for the New CArlifleatnK of comixUouey to grades 
from Second Mate to extra JUastor. . CaiididatOH will fliid it invalu.'^blk.’’— /> ufid€# 

Advtrtiter. 

CAPITAL LiTTiic BO )K . . Hpccially adAptod to the Now ExamlnatiooB. The 

Anthors are Cai>t. Wilson-Uarkkk (Captaiii-Sujioriatendent of the Nantical College, H.M.N. 

* Worcester,' who has had groat oxporlcuco in tho bighcHt uroblemR^f Navigation), and 
Mb. Allinobait. a well-known writor on (ho Science of Navigation and Nantical Astronomy." 
•^Shippinff World • 


//andsOitKi Cloth. t'aUy Illusttafi d. J*nrr */s. (Jd. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 

S • 

Bv WILLTA*M ALLINOHAM, 

Joint Autliur of “Navigation, Thcorotical and rnicticui." 

With numerous Piuies, Maps, Diagrams, and lllustratiuns, and a facsimile 
Reproduction of a Page from an actual Meteorological Log- Book. 

SUMMARY OF CONTENTS. • 

INTROPCCTORY.— Instruments Tsud at Sea for Meteorologicui PurposeB. - Meteoro- 
logical Log-1k>oks. — Atmospheric Pressure.— Air Ti-miiciatures So|^ T'emperatiires.— 
*WlndB. — Wind Force Scale.s.— Uistoi-y of the Law of Storms.- llniTiennes, seasouB, and 
Storm Tracka.— Solution of the Cyflone Problem.— <h:ean fhirreiils.- -Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and HaAC.- Clouds.— Ram, Siiow^ and Dali.—* 
Mirage, Rainbows, Coronas, Halos, and Meteors.— Lightning, CoiTwsunts, Auroras.— 
<jnMTioNA— A ppendix.— Index. ^ 

*' Quito the bbst putiliojition, and cerUlnly the *fUsT i.%TEBr.BTJ4^o, on this subject ever 
presented to Nautical men.” -sluppunf Gazette. 

For Complete List of Griffin ’.s Nautical Series, see 39. 
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OBtAMLJm MiFFIlOA 00,*8 PUBLIC AT 


\ I GBirFIN^S 

SEOb] 


UTICAL SERIES. 

iND Edition, Revimkd. Wi^h Namerons Illustratitna. Price 38. 6d. 

Practical Mechanics: 


Applied to the Bequirements of the Sailor. 

By THOS. MAOKKN55IE, 

Master Mariner, F.R.A.S. 

Gkmeiuvl (Contents.— R e-soliifion and Composiiion of Forces — Work done 
Machines and Living Agalitu — The Mechanical Powers : The Lever ; 
Derricks as Bent Levcrsr— The Wheel and Axle: Windlass; Ship's Capstan ; 
Crab Winch— 'J'ackles ; the “Old Man** — The Inclined Plane; the Screw— 
The Centre cf Gravity of' a Shix) and Cargo — Relative Stren^h of Itopc : 
Steel Wire, I^anilla, Hemp, Coir — Derricks and Shears- -Calculation of the 
Cross-breaking* Strain of Fir Spar — Centre of Klfort of Sails — Hydrostatics: 
the Diving-bell ; Sta))ility of Floating Bodies ; the Ship’s Pump, &c. ^ 

“ This EXCELLENT BOOK . . . conti/.ins a LARGE AMOUNT of information.” 
— Nature. c. 

“ W ELL WORTH the money . . . will be found KXCKEDINOLV HELPFUL,”— 
Shippinfj Worlds 

“Wo Ships’ Offickuh’ bookcase wdll henceforth be complete without 
Captain Mackenzie's ’ Puactical Mechanics.* Notwithstanaing my many 
years* experience at s<5a, it has t<*ld me lum much more there ia to acquire .'* — 
(Letter to the I'liblishers fnuri a Master Mariner). 

' “I must express my tlmnks to you for the labour and care you have taken 
In ‘ PRACTJCALr^fKClIANICS.* . * . . Jt JS A LIFE'S EXPERIENCE. . . 

What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! ‘ PRACTK’Af. MKCirANjcs* would save all 

THIS.” — (Letter to the Author from am^^her Master Mariner). 

WORKS BY RICHARD C. BUCK, 

Qf the ThemoB Nautical Training /lullege, U.M.S, * Worcester.’ 

A Manual of Trig^onometry : 

.. With Diagrams, Exampies, and Exercises. Price 8s. 6d. 

Third Edition, Ilevisbd and Corrected. 

Mr. Buck’s Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. « 

“This KUINBNTLT I'KACTrAI. ttUd BKLIAB1.E VOI.UMK."— ^A00/ma5fer, 

.. A Manual of Algebra. 

Designed to meet the Requirements of Sailors and others. 

^ Second Edition, Revised. Price 3s. 6d. 

^ K 

%* Thene elementary works on alocbra and crioonomktby are written specially for 
those who will have llitle o])pori unity of oouBuIting a Teacher. They are books for “BKLr 
bklp." All but the simplest explaimtlons have, therefore, been avoided, and ANswsas te 
the Exercla* j are given. Any persun may readily, by careful study, become master of thol'’ 
eontonts, and thus lay tlie fomidatiou fq^ a further mathematical course. If desired. It Is 
hoped that to the yoq;jg(T Officers (A *bar Mercantile Marine they wfll be found decidedly 
serviceable. The ExahiploH and ExerclsA are taken from the Examination Papers set for 
the Cadets of the “Worfostor.” 

“ Clearly arranged, and well got op. . . .A first-rate Elementary Algebra. — 

.Vautieal Maffatine. 

For comnif'to List of Qkwkin’s Naiiticai. Srkiks. see p. 39. 
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ITAVTIOAL ]irOBK8. 


GRpFlN*S NAPTtCAL SERIES. ^ 

Srcdn D Ki>iti(>!i, Thoroughly Revisecl^id Extended. In Cron n &»o. 

TJ 3 aV r» A- • 


ricw 


■i 


Handsome Cloth. Price 4a. 6d. 


THE LEGAL DUTIES OF SHIEHASTERS. 


‘ HY • 

BJENEDiCT WM.#GINSHUKG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Xorthein ]laiTi8tcr>at*T nw. 

General Contents. -The Qualification for the Position of Shipinasn.r— The Con- 
tract with tlie Shipowner— The Miiaiers Duty in respect of the Crew ; Eug(wement 
^prentices ; Discipline; Provisions, Aiconiniodation, aad Medical Comforts; Payment 
of Wages and Discharge— The Masters Duty in respect of the l^nssengers— The Master's 
Financial Responsibilities -The Master's Duly in respect of the ('arc# — Tlie Master's 
Duty ill Case of Casualty — The Master's Duty to certain Public ^^Vuthoritles — The 
l^ter'LOuty In relation to Pilots, .Sigu.«1s, Kings, and Light iMics — The Master's Duty 
upon A^ival at the Port of Disch.irge - Atgieiifhccs n^lative to certain Legal Matters: 
Board^f Trade Certifleat es, Dii inry Scales, stowage of (irniu ('argoes, Load Line Regula- 
tions, Liife-savlng Appliiincos, Carnage of Cattle at Sen, .tu:., fi^c. — (jopioua Index. 

“No Intelligent Master should fall to add ties to lils^Iist of necuKsary^books. A few lines 
of it may save a i.Awvt<K’s fivk, ukhioka KNni.r->s w'ouhy " —Lweipool Jovrnal of Vomnverct. 

“SaNSiBtK. plainly written, in glkak and noh tkciikical i.ANorAOK, and will bo found of 
HOCH SKRV1CR by tho Shlpiiia.>«ter ' — Ht thsn Trade Keruir 


Second Kditio.n, Revised. With Diagrams. Price 28. ^ 

Latitude and Longitude: 

Ho'vir to Find tl&om. 

By W. J. MILLAK, C.K, i 

LaU Secretary to the Just, of hkigtniers and Shijihutlders in*Scotland. 

“ (yONOi.sKLY and tJLEAULY w liTTTh.*^ . . . cuiinot but prove .iu acqiiisitibn 
to those studying Navigation. ' Manne Enuinorr. 

“ Young Seamen wdll iind it dandi' and u.srvul, simple and clear.”— PAe 
Knf/iiifijir, * 


FIRST AID AT SEA. 

Third PIpition, Revised. With Coloured Phites and Nunieroiia Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
• Medical Stores ou Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

. FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY* 

Bt WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Utllcer, Seamen’s Hospital, Greenwich. * 

%* The attention of all luterestcd in our Merchiititillavy is rcquoHtod to this exceedlnglv 
useful and valuable work. It is needless to Bit>’ that it is the oAcome of many yeais 
PBAonoAi. BXPERiKMCB amongst Seamen. 

“ SousD, JunroiocB, brallt hrlfbui. "—The lAxncti ■ * 

For Complete List oi Griffin's Nautical Se»ie.s, see p.*.39. 
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CHARLES ORlFFlNi CO:S PUBLICATIONS. 


GRIFFIN’S 


ORlFFINi d 

UHtralfd. Eat 


UTICAL SERIES. 


pT^c Edition. IlluHtratfd, Eandsome Clotk^ Crown 8vo. Price 7s. €d. 

The Chapters on Tonnapre and f reeboard have been brouflrht thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulatlf^ns on 
these subjects. 

KNOW YOUR OWN SHIP. 

JJy THOAIAK WALTON, Naval Akciiitect. , 


Specially atranejed to suit the requirements of Sl^ips' Officers^ Shipowners^ 
Suoeriniendenis, Drauqhtsmen, Engineers, and Others, 

(-'oNTKNTS. - - hisplju i iiM'iil iiml AMilwtMjrhl. - Mniiu-iits -- lliui.vjincv. -- Strain. — 
Stnit'iiiro. Stiitiiiiiy. i:(iniii;> li:ill:i.-<tini;. Sliiftiiip; '< 'ar^oi. <, -Ktfoct ot 

A(lmiH»ioh WntiT Slnp. Tniii 'hnmairr. • l.ojul-lim*)---t;iiU;uijaioni».— 

rtrt of (Jalculsitiuiis fruin Ar-tu.it* hmw iii^'4. Imh-x. 

' *'Tlu‘ woik III till* lii;/liivt v.ilUf, ami .ill ulio ilnw ii flu- xim hi -iliips slinilld make them- 
SI IVcs riripi.viiiti-il \)V(li it .^/n/i/iim; II (i>ii tin' in u l•flll|<l|l) 


BY THB SAtgB AUTHOR. 

Steel Ship$: Their . Construction and Maintenance. 

(See page 38.) 


Fifteenth Kdition, Thorovyhly Unisrd, (IrnUlif Enlarged, and Reset 
'Phroughout. Laige Hpo, doth, pp. i-xxiv + 7(KS. With 280 lllvf,tra- 
tions^ reduced irenu, Working Drttirhtgs^ and S Plates, 21s. net. 

' A MANUAL OF 

MARINE ENGINEERING: 

(;OMPU 18 ING THE DESKJNIlAi, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.I.C.E., M.I.Me«h.E., M.I.N.A. 

Uenkiiai. Contents. — Part J.— -Principloa of Marine Propulsion. 
£*art 11. — Principle.s of Sleain Kiigiiu-oring. 7 'art 111. — Details of 
Marino Engines : Design and Calcnl.itions for Cylinders, Pistons, Valves,*^ 
Expansion Valves, i\.o. I’mit IV.- I’ropellers. Part V. — Boilers. 
Part Vl.--Miseellaiieous. 

^*Thp .Student, DraiiKhtBinun, end KneniOfr will find thiR work th^ most valua^lb 
Handhook ot Kef'ereiici^ oir.tlie M anno V.iiiriTU’ now in existenee.*'— JIfartR*' Engineer, 

Ni>tii Euition, Thorouglily Revised. Pocket-Si/'^, Leather. 8s. 6d. 

A POCKET-BOOK OP 

MARINE' ENGINEERING ROLES AND TABLES, 

' n for the use of 

Marine Blafirineers, Naval Archlteets, Deslgrners, Draufirhtsmen, 
SuperinwTiiUents and Others. „ 

By a. E. SEATON, M.l.O.Pl, M.I.Mech.E., M.I.N.A., 
IT. M. ROONTHWAITE, M.l/Mech.E., M.I.N.A. 

“The best book of its kn'd jind the iiilmnnitinu is l»ulb up-to-date and rellaliJL',”— 
Rnffhiecy. 

(10NDOI(: CHARLES GRIFFIN ft GO., LIMiTED, EXETER STREET, STRAND. 




jenQisetiRiNS mrohanios. 


WOBKS BT PROF. ROBERT H. SMITH, Assoe.M.fl. 

M.La.K, M-LBLIf., lLLlltii,E..^hlt. Sob., H.Ord.MeiJL • 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS; - * 

Technical Problems. 

WITH EXTKNMVK • 

OIiASSIFIED BEFEBSNCi: OST OF INTEOBALS. 
By PROF. ROBERT H.. SMITH. . 

• ilSSt-HTEO BT , 

, R F. MUIRHEAD, M.A., B.Sc., 

Formerly Clark Fellow of Glasgow UAiveraily, aud Lecturer on Mathernatios at 
% Mason College. 

In Crown 8ro, extra, with DiagramA and Foldintj- Plate. Ss. 6d. 

“ Pmof. B. H. Smith's book will be eorviceubic in rendering n hard roa^ AS bast ab pbactk'' 
Ani.R for the non-matheniatieHl Student and Kiiginoer ’ — Aihfiunm 

'* Interesting dlafframs. wKb iiraetieal ilIuHtralions of art mil otenrrrnrr, are to be found here 
in abundance. Thk vbbt coMPtBTB clabsifipu BKPriiKNCR taiii.k will piove very useftil In 
saving the time of those who want an infeirrnl In a bnrrv ‘ — Thf Fnotnter. 


MEASUREMENT CaNVEFfSIONS 

(English %iid French) : * 

43 GRAPHIC TABLES OR DIAGRAMS, ON, 28 PLATES. 

Skowing at a glance the Mittoal CoNV]<'it.siON of MKASDKKBUCNTa, 
in DiFF^RifiNT Units 

Of Lengths, Areas, yolumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &o. 

For the use of^Engineers, Surveyors, Architects, and Contractors. .« * 

fn 4 to. Boards. 7s. 6d. • 

Prof. Smith’s! Conveksion-Tables form the most unique and oom- 
pcehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chaticea of error in calculation 
dimmished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. ^ 

* Pocket Size, Leather Limp, with Gilt Edgea ami Ktninilci} Coi-ners, printod oti Sjiecial 
Thin Paper, with Illusyation.s, pp. i-\ii + S34. Price ISs. net.* 

(THE NEW •• NYSTROM ”) , 

THE MECHANICAL ENCiNEER’8 REFEREN6 e BOOK 

A Handbook of Tables, Formnlt^ a' Methods Knfjiiuers, 
Students and l/raughtsmen. 

By henry HARRISON SUPLEE, B.Sc., M.E. 

** We feel sure it will be of great service to mechanical cngiiipers.” — Snyineeriiuj . 

LONDON: CHARLES GRIFFIN k CO., LIMITED. EXSTER STREET. STRAnR 
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\ pECOND Edition, iu La&e bvo. Hand&ome Cloth. 16s. 

OBtEMISTRY FOR ENGINEERS. 


1 BY 

BERTR A M BLO UNT. and ' 

F.LC., F.C.8.. A.I.C.E. 


A. G. BLOXAM/ 

F.I.C., F.C.8. 


GENERAL CONTENTS.— Introduction- Chemistry of the Chief Materials 
of Oonstructlou—Sources of Energy-Chemistry of Steam-ralslng— Chemis- 
try of Lubrication an6 Lubricants— Metallurgical Processes used' In th# 
Winning and Manufacture of Metals. ^ ^ 

antrioPH hiivfi hi;c'ckki)ki> beyiUd all expectation, and have produced a work whldl 
Blionld fflve i>kk!>h i'owkk to the EiifrlneCr uiid Manafactnrer.’'— 7’V Txmet 


By the aaine AuthoiH, CiihMJ'^Tuv kor MASUFArruRKRS,” see p. 71. 


THE ELESTENTS OF CHEMICAL ENGINEERING. By 

J. (Irossmann, M.A., Ph.J)., „F.1.C. With .a F*refacc hy JSir 
William Ramsav, K.C.B., F.K.S. In FLiiulsotne Clotli. VVith 
nearly 50 Illustrations, ils. Oil. net. |.See page 70 ih.mral Critatogue, 


At Pkesh. Ill l)4'iiiy <,>iiaito. VViUi I Magrams and Worked Problems. 
2 h. 6(1. net. 

• PROP.ORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By LiMJT.-P-ni,. 'I’HOMAS KNCfifjISH, Lati* Royal Kngineers. 

( 

Works by WALTER R. BROWNE, M.A., M.Inst.G.E. 

THE STUDENT'S MECHANICS: 

* An inu’uuuction to the Study of Foret and Motion. 

• With Diagrams. Crown 8 vo. Cloth, 45 . 6 d. 

'* Clear In style and practical in method, 'Tiis Stuoknt'.s Mkchanics* is cordially to bo 
recommended from all points of view.'’ A/Aemrum. 

FOUNDATI'ONS OF MECHANICS. 

Papers reprinted from the Enginter, In Crowri gvo, is. 


J.Yomy 8vo, with Nutnetous ill ust ration. s, o>i, 

EL AND WATER: 

> A .Manual for Users of Steam and Water. 

By PhOF. FRANZ SCHWACKIIOFER of Vienna, and 
WALTER R.«'«‘f}OWNE, M.A., CE. 

Gknbkal CoNTKNTfU— Heat and Combustion— Fuel, Varieties of— Firing Arrange aients: 
Furnace, Flues Chimney — The lloiler. Choice of-- Varieties — Feed-water heaters — 
Steam Pipes. -Water: Composition, Purification— Prevention of Scale, &c., &c. 

•*The Section on Heat is one of the »)est and most lucid ever written.*’— Anif ewer. 

LW09M : CHARLES tthfillN & UU., LIMITEU, EXETER STREET, STRANa 



CHARLIB 8 OBlPrrr^^ 09.'8 PVBLICATlOSrS, 


CRiFFIWS LOCAl COVEBgMEHT HAND 

WOKELS SufrABLB FOR MUNICIPAi A.VD COliNTV EXOINKKRft, 
AXALYSTJj. AND OTUEKS. • 

See also Davies' Hygiene, p. 99, and MacLootrs CatcvlatConn, p. 110 (•I’liernl ratulouue. 

Gas Manufacture (The Chemistry of). ^ irandbook on the Pro- 

duction, Purification, and Testing of Ilhiiinnatiiie fins, niul tno Assay of llye-Pro- 
dacts. By \V. J. A. Buttekfikli», *M.A., K.l (*., K.t'.S. >* ilh Illustrations. Kt>L'ttTii 
Edition, vised. Vol.J., Ts. nd. ulI. ^ oI. 11.. i#j pn 7 /<rmf/«n. page 77. 

Water Supply : A Practical Treat i.m* the Select ion of Sourccs and the 
DIstrihutioii of VV'atcr. Hy Kkoin \ r,i» K Mii^inToN, M.Iiisi K M.Inst.Mccli.E., 
F.S.I. With NniiK'rous Plutc' .iiid Di.igi. Dll-, ritjwis ''Vi» ."s. lul. n* t, I'cepugeTT. 

Central Electrical Stations: 'rinir Design Oiganisation, .iml Manago- 

ment. ByU. 11. Wordingiiam, A.K M.I c.i:. Bidtion, Ms. net. IScep. 48. 

Electricity Control. Uy Li-.onakd 

V2^ 6«i. net ' ISn- piige 48. 

Electricity Meters. i»v c. Sdlomon, A.M.insi.K.K. io.s. 

« " |Si-L‘ p.'igi' 19, 

Trades’ Waste: its Treatment and Utilisation, with Special I'.cfercnce 
to the Prevention of ItiveiH’ Pollution. By*\V. N WLOU, h'Ri;.}!., A.M E. 

With Numerous Plates, Diagrams, and lllii.straiioii.s 21s. net. l^cl' jiagc 7ti. 

Calcareous Cements : ’riicir Nature, Preparation, and Uses Witli 
some Kemarks upon PenuMit Testing. By DlMiruT Kejigravk, Assoc. hist.f'.E., 
and Ohas. HI'ACKVAN, F.C.S. With lllnstratioii«>, Analytical Data, and Appendices 
on Costs, &c. 16s net. [See pnife 70. 

Road Makingr and Maintenance: a Practical 'JVeatAe lor Ein^ineorR, 

.Surveyors, and otiierts. With an llistorica) Sketclf of Ancient and .Moilcru Piactice. 
By Thomas Aitkkn, As80C..M.liiHt.C.J': , At. As'hh* Miiniciml and l^oiinty Eiigrs.; 
M. San. Inst. Skcom» Eimtjo.n, i:o\-*,od. I’liJh Jlliiistratcir. (N;c nage 7l» 

Lifirht Railways at Home and Abroad. Py W njdAM Hcitja Colk, 

M.Iiist.C.E.. late Deputy Man.'igi*!-, North-Westcni Kniluny, India. Large 8vo, 
Handsome Cloth, IMatcs and iJlustn^tioiib. ILs. [See ]»ag4' 80. 

Practical Sanitation : A Handbook bir Kanitary Inspcc.lor.R anil oUiers 
interested in iSaiutat^>ii. By UKo. llKlo, M.D., 1).P II., >iedical Olllccr, Sliiirordsliire 
County Council. Wiili Appendix (re-written) on Hanitary l.aw, hy Ilerhert Manley, 
M.A,, M.B., D.P.ll. ^Thiktkk.ntii Edition, 'l horonglily lleviscd. Os. {.Set- page^d. 


Sanitary En^ineeringr • A Fractioal Manual of Town Drainuv'e and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.C..S! .slcond 


Edition, Revised. Fully Illustrated, ds. Gd. net. 


Idee page 7b. 


Etail’y Chemistry: A Practical Handbook for Dairy Managers, ('lieniists, 
and Analylts. By Ji. Droop Richmond, F'.l.CL, Cbeniisl to the Aylcshurv Dairy 
Company. With Tables, IlliistratioiiH, Ac. HundsonR; Clotli, Pis. Idei- i>fige 73. 

Dairy Analysis: Tlic Laboratory Hook of. Jly H. Diumip Khhmomi, 
F.I.e. Fully lllustiated, Cloth. 28. Gd. net. |St« page 73. 

•Milk: Its Production and Uses. With Chapters on Dairy. Farming, 

The Diseases of Cattle, and on the Hygiene and Control of Su])]jliC8. liy EiAVAr.D ¥. 
Willoughby, M.D. (Loud ), DJ[*.1I. (Lond. and Camh.), Gs. net. (.See page 73. 

Flesh Foods: With Methcnls for their Chemical, Microftcopical, arid 

Bacteriological Examination. A Handliook for Medical Men, Inspe^ors, Analysts, 
and others. By c. Ainsworth Mitchrli^ B. A., F.I.C., Mem. Council Soc. of Public 
Analysts. 'With numerous Illustratioiia ^nd ''w*co]oured Blat^;. 10s. 6d. [dee page 74. 

Foods: Their Composition and Analysis, lly A. Wyntkii Blyth, 
M.R.C.S.. F.C..S., Public Analyst for the County of Devon, and M. W Blyth, 
B.A., B.Sc. With Tables, Koliling Plate, and Frontispiece. FiWii Edition, 
Thoroughly Revised. *21 s. [dee page 72. 

LONDON : CHARLES GRIFFlii A GO.. LIMITED.* fxETER STREET, STRANa 
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^ ^electricaJ engineerii^g. 

Srcond Eijition, Kevised, In Large 8ve. Handsome ^loih, Projusely 
^ Illustrated with Plates^ Diagrams^ and Figures. 24s. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

BvCUAS. II. WDkUINOlIAM. A.K.C., M.Insj.C.E., M.Inst.Mech.E., 

I.ale Mcifib. i>f (Joitnril Inst. K. K., autl Klcctrical Kn;;ineer to the City of Manchester ; 
KIim trical Kn;;iift*i-r-in-('hicf to the Admiralty. 

ABRIDGED CONTENTS. 

Introductory, —Cential Station y/ork as a Profession — As an Investment. — The Estab- 
lishment of a Central Station — Sy'.tcinsof Supply. — ‘site. - Architecture.— Plant. — Boilers — 
Svstcins of Draught and W.isle Heat Kronoiuy — Coal Handling, Weighing, and Storing.- 
The Traiistnission 'uf Steam. fiencrators — Condensing Appliances.^ — Switching Gear, 
Instruments, and Connections.' Distiibntiiig M:uns — Insulation, Resistance, andi.Cost.-^ 
Distributing Networks — Servii e M.uns aii«|: Feedeis — Te.sling Maims. — Metert and 
Appliances —Stand.mlisiiig and TeNiing I..ihoratory — Secondary Batteries. — Street , T/ight- 
ing. — Cost. — Oener.d Organisation - Mains I)e|>;irlment — Installation Dej^rtnient. — 
Standardising Department — Drawing Office -Clerical Department — The Consumer — 
Routine and Main Lhying — Iniihx. 

“Oneol the Mfe.r VAi.rAiii K < on 1 kihu 1 ion' to (‘enlral Station literature we have had 
for some time." h'.U'dtuiiv. 

In Lar^;t: Svo. Ilandsoine Clolli, Pnifuscly lllustiatal. I2i». 6d. net. 

ELE>CTRICITY CONTROL. 

A Treatise on Electric Switchgear and Systems of Electric Transmission. 

IlY LKONAKDi ANDREWS, 

Assoti.itu Memliei of the Insiiriitiini i»t <‘i\il Kngimeis, Member of the Institution of 
Khii'ie.il Kiilm’iii- I 6vc' 

Oiieral Pnmiples of Swildige.ir Design, ('oiistrurtional Dctail.s —Circuit Breakers or 
Arc Interrupting Devices. Auiom.itu.div Op« i.dLl Ciri ml Breakers. — Alternating Reverse 
Current Device'.. An iiigrment r»l ’Bus I’.irs, and Apparatus for Parallel Running. — 
General Arr.ingeuient of C«*i'Hollnig App.u.itus lor High 'I'c ision Systems. — General 
Arrangemeiit ol Coutiollmg .'Vpii.ir.itii’' lor Low ’rfusioii Systems —Examples of Complete 
111 tallatiniis — Long Disiame 'rr.msmis'.um ScJicmes 

“ Not often ibu s ih« Np'-'iiha s.iv-' iuimI to ’..mi so satisf.iclory .a book .is this. . . 

We recoiiii leml it wiiliiiiii hi'sit iiion i » v'i-hm iI 'M.ui'‘n Lngineers. ami, in fact, to .inyonc 
intercstnl in the shIi’km i." rotvi > 


Ek.iii’KRNth Eijitio.n'. Lc.'xilici, I’uckei Size. Si-: 6d. 

A Pocket-book 

or 

ELECTRICAL RULES & TABLES 

FOR THR USE OF ELECTRICIAm AND ENGINEERS. 

Py JOHN lyjUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

^ GENERAL CONTENTS. 

Units of Mettsiircment.^- Mcasuies. -^.fTc-sluig. — Conductors. — DieV*ctrics. — Submarine 
Cables.— Telegraphy. — Eiectro-C’lu'inisiry. — ^'islectro-Metalliirgy. — Batteries. — Dynamos and 
Motors.,— Transformers. — Elcciru Lighting. — Mnscellaneous. — Logarithms. — Appendices. 

WoNDRRFiM.Lv Pkrfrct . . Worthy of the highest commendation we can 

give it.” -‘RUcirician. 

LONDON ; CHARLES GRIPi-lvt A GO.. LIMITED^ EXETER STREET. STRANa 



ELtSCTniQAL Ey^iyEESING. 


In' Large 8vo. Profusely lUuutrateil. Ss. 6d. net. 

WIRELESS TELEGRAPH 

By GUSTAVE EICHHORN, Pii.D. 

CONTKNTs. — OscillatiMiis. “Oloso^l O-icillatitin Systi*nis. —Open OscillAtifiii 
Sybtem.s. — Cimpled SysttMus. --The (\mplin.ir trfjo Aerial Wire. — 

Tne TLe'fceiver. — Cfuiijiariitive M easiiiviuoiit in tin* Sen<l»i‘. - '^riieoretical Resulte 
and Calculat^ins in of Sender and iJeeeiv er.—( 'Jo.sely-t'injpled Sender 

and Iteceiver. — Loo^o ('nnrilotl S«‘nder ami ^Keer-i\ er. I'rineipal pn'iiiuhe. — 
The Ondiinieter. -Workiii;; a \N'irelevs 'IVletriUjili Station. .Modern .VpparatiiH 
and Methotls of Wtirkirii; --1 'onehisiim. IhhlioLjrapliy. Im>k\ 

‘‘NVt'll wntteii iml <■ with ilf.il of tle.st ‘ipll'wi a eiiiefiil 

Uivcatinatioii of tlw tnml I ni.il (I I .\n ki,- , 



Laige Svo, Handsome Cloth, wi^i oSl I’a^'es and .’107 lllustratioiis. 

I Os. net. 

ELECTRICITY. METERS. 

By henry 0. SOLOMON, A.M. lust. E. E. 

CoNTK.\r.s. - Tntrofluet<»ry. — ( Jeneral l*rineip1e.H of (,\>ntinuou.s - Current 
Metejr>.“- ContiniioiiH-Ciiireiit (Quantity Motors. - ( 'ontinuons-Ejiertfy Alotiir 
Meters — Different Tyite.s. — Speoial Purpose.-^, / e , Ihitteiy Metors, Svdtehboard 
Meters, Tranioar Aleters. (Jeneral Piiii<-i['los ot Siii^de- and jNtlypliase Induc- 
tion Meters.-- Single -phase Indnetion Motoi.s.^ IN»lyph:iso Meters. — 'J’.irifF 
^sterns. — Prepayment Meier-' --'J’anll ami Hour Mi'tors. — Some Mf'clianieid 
IVatiires in Aleter Design 'IVstimc ^letei s Imika. • 

“ An eari.est .in<l Huei.i’Ssfui ui'ompi lo lie il e..Mipr<*lj n i\eiv %\iili ,i oil i n Jiioilioils of 
niouauruig eurreni 01 po^^•“^ mi ei**o!i i. im-i.:!! / /igiiiiet’i ¥/. 

Trusiwortliy iiilo: illation . , . Wo e.oi <• n’l I* m«i\ teeoiimioi'.il tl|f Pooh to M\(«ry 

eleetric.ll engiie'Oi ' - o 'unti . » 


Second Ediiion, Cloth, 8s. 6d. l.«aiher, lor the Pocket, 8s. 6d. 
-GBIFFm’S ELECTBIOAI. PBICE-BOOE: For Klertncal, C>v*il, 
Marine, and Borougli Engineers, Local Autlioiitics Architects/ Railway 
Conti.'ictor.s, &c., Ac. Edited hy II. J. DowsiNt;. 

* “ The Ei,b^kical Pkick-Uook rbmovhs aii- MVsrKKv about the ci>si of ElcLtric.il 
Power. By its lid the bxpknsr that will be enUiled bv utihsin); electricity on a lar^e or 
small scale can be discovered.”-- .4 rrAi/rcf. • 


.ELECTRIC SMELTING AND REFINING. I5> l>r. W. 1 :*r<hkks 

ami W. G. MeMll.i.A>. Sk(om» Eiution, Ilevi.sed ami J’hilar;;ef|. 
not. ^ • f.'Vejiaot ()7, 

ELECTRO - METALLURGY, A Treatise on. JSy .Wai.tkk <i. 
McMillan, PM.C., P.C.S. Stn-M) Edition, Itcviped and in 
Part Re-\V/itten. 10s. 6d. • , (See pa^o tt7. 

ELECTRICAL PRACTICE IN COLLIERIES. By L). Benss, M.E., 
M.In.st.M.E. SJit'OND ICditidn, Revised and greatly Enlarj^ed. 
7s. fid. net. [Jlee page .78, 

LONDON: CHARLES GRIFFIN ft CO., IIMITED.'RETER STREET, STRAND. 



Se CHARLES ORIRFm A 00.*8 FUBLWATIONS. 

1 PB^ESBTOr jTir^OYNTlNQ & J. J. THOMSON' 

’ In Five Volumes. Large 8vo. Sold Hepar 2 \^>ely. 

A TEXT-BOdK OF PHYSICS. 


J. H. POyNTING, 

Hr.n., F.B.IJ., and 

L%fea Fellow of Trinity (Jolli'gl), OHinbrldRe; 

ProfeBHor t>f Pliy»ii;H, BlnnlnKham 
IJlljVfTMlty. 

iNTiiODiiOTnitY VoLUMK. Ki»DRTii EDITION, Keviscd. Fully Illustrated. 

10s. G(l. f 

PROPE:Rn:^E:s op itajLTrrRR. , 


J. J. THOMSON, 

M.A., P.B.8., 

Fellow of Trinity CoUcro, OambridRe; Prof 
of Experimental Physics lii..the UDiyenlty 
*' of CiiinbridRe. 


OoMTRNTB. — (/i‘i\'’lfiition. — The Acceloration of Orft\ity. — Elasticity, — Stresses artd 
litrainR.—TorHioij.— Bending of Unds.— Spiral Spriu^js — Collision.— CoaiprossiVillty o( 
Liqulda— ProHHiiron and Voiuin«-s of (lasos.^Thennal EfTects Accoriiiwnying Strain.— 
Oaplllarity. — Surlaw 'i'ension. — Ijiiplacn’s Theory of Capillarity. — Diffusion of Liqyj*!'*” 
Diffusion of OasoR.— Vihco.sii V of Liquids.— 1 ni>kx. 

" MtudeiitiH of plij^itM ( (uiiiol full io d»‘ii\c beiielit from Mu* ok fCucirh'thie. 

" W(* rfR.ard Mils hovk as <|"i(c iiuliHitofiMhle iu»t merely lo .irliers but to phyRicists of t 
Kradi! above Mu; lowest ‘ ' t'lnui •itty ('or fH/tonUrnt 


Volume 11. Focktii Edition. Fully Illustrated. Price 88. 6d 

S O U N 1>. 

OoMTKMTs.— TlicuNatiiio of Soutid aiid its chief Charactorlstios.- The /cloelty of Sound 
to Airland otbor Modla.— Kolh'ctinn and ll'fiaction of Sound ->Frrquency and Pitch of 
Notes.— Ilesonancc and Forced Oselllaiions -AualyslH of Vibrations.- The Transverse 
VlbrationHof Strotclied ,StrliigH or Wii*es — IMpes and olbor Air Cavitlos.-Rods.— Plates. 
—MembranoH.— Vibrations maintained by H<Ai,t.— Sensitive FIsmeH and JotH.— Musical 
Sand.— Tbf Superposltton of Waves,- 1m>i x. 

The work . . may bo leeoininendod to ^iiyoae dosIrouR of po>'Sessing an east 

OMO-DATK Stanoauw Tkkati.sk OH Aeoustlcs ’ —/^itfroturt. 

“Very clearly written . . . Tbo uaiiieH* of the nutbors are a guarantee of the 
HOlKNTirio ACOiTKAOA Slid I'P-To OATF ciiARAOTi' tt of the vroi'k."— Kduratu>naf Times. 


Volume III. Second Fiin Revised. Fully Illustrated. Price 15s. 

£1 e: a rr. 

CoNTKNTS.— 'h'niireraliirr. Kxpaii’^ioii of .Solids ~ Lii|uiiis. — Ci uses. — Circulation 
and Convection, (jiuiiilily «jf Heat; Specille Heat.— Coiiduetivity.— Fonns of Energy; 
Conscrviitioii ; Mcclninieiil Ei|iiitulciit of Heut. -Tbe Kinetic Theory —Change of Stab'?; 
Lii|Uid Vupiuir. - Ci'itiinl Poiiilt -.Solids rind Lniuids. — Attno(<pheri6 Conditions. — 
Kadlatioii -Theory of Excliacgcs - Kudiiitioii and Tcniperatiire. -'J'henuodynaralcs.— 
Isothciiual and Adiabatic Chafiges. Tlicnnorlyiinmics of Changes of .'^tatc, and .Solu- 
tions. '-Tlicriiiodyiiiiriiics of Kadlat ion. Indkx 

“ Well np-lo-tlutc, iiiul c\trcim*Iy clear luul cvact throughoiK \s clc.ir as 

t^wnuld be pOHHiblo to ni.ikc «uch u"tc\t-lH»oK.’’ — Satvre. 

• ^ Remaining Volumes in Preparation — 

LIGHT; MAGNETISM AND ELECTBICITY. 


THE HEAit DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was nojudgcil in iu the Ihiivcrsity of Cat^ridge. By J. H. 
FOYHTlNO, Sc.l)., F.R.S., I.atc Keiioxv of Trinity College, Cambridge; Professor of 
Physics, Uiniiiiighiuii rnncr.sity. In Large Svo, with Bibliography, IlliistrationB In 
the Text, (ind .Seven Lithi^Ki-.ipheil Plates. 12 s. fid. 

“Coiiiiol fill to be of UKK.vr and oknku k \. interest.”— df/inio'wm. 

LONDON: UHARLE 8 ORlFFfN^ft CO., LIMITED. 'tXETER STREET, STRAND. 
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GrifRn’s GeoloffioaF,' Prostiedtinfir, Mlnrii£r« aitd 
Metallurgioal ffublications, ' 

I 

Geology, StratiSrraphical, H. iErnRAiDOE, f'.R.H., , 52 

„ Physical, Prof. H. G. Seelky, . 52 

„ Practical Aids, Prof. Grenville Oole, 53 

„ Open Air Studies, . ,, m 

Mining Geology, • James Park, F.G.S., . . 55 

Prospecting for Minerals, s. Hekuekt Cox, a.rS.M., . 55 

Food Supply, . UoR-i;. Bruce, .. 54 

New Lands, . if. ll. Mill, D.Sc., F.R.S.E., 54 

^^re and Stone Mining, . Siu O. Le Neve Foster, 66 

■ Elements of Mining, . „• » . .56 

Coal Mining, . . , if. w. Huojiks, Kas., 56 

PracUcal Coal Mining,. g. l. Kerk, M.lnSt.M.K., 58 

Elementary ,, 58 

Electrical Coal Mining, i>. Burns, .... *8 

Mine-Surveying, Bennhtit Ti. Broiwh, A.R.S.M. 57 

Mine Air, Investigation of, Foster and Haldane, 57 

Mining Law, J. Ai.ford, . . . ffr 

Blasting and Explosives, o. Guitmann, a.m.t.c.k, . 58 

Testing Explosives, . Bichel wd Larsen, . 58 

Mine Accounts,. Prof. J. (r. liAWN*, 67 

Mining Engineers’ Pkt.-Bk., E. 15. Field, M.lnst.M.M., . 57 

Petroleum, Boverton *Rkdwood, 61 

A Handbook on Petroleum* Thomson and Redwood, < 61 

Oil Fuel, SiDNK\ H. North, 29 

Metallurgical Analysis, . Macj.eod and vvALKKit, oO 

Microscopic Analysis, F. Osmond it j. K. Stead, F.R.H. 60 

Metallurgy (General)* Phillips and Bauebman, 60 

„ (Elementary), Prof. Humboldt Sexton, . * 66 

Getting Gold, . J. C. F. Johnson, F.G.S.; 59 

Gold Seeking in South Africa, Tii eo Kassnkk, . oS 

Cyanide Process, . James Park, F.G.S., 59 

Cyaniding, Julian an^ Smart, 59 

Electric Snelting, . Borchers and McMillan, 67 

JSlectrg-Metallurgy, G. M‘’Millan, F.I.C.T 67 

'Assaying, • J. J. <fc C. Bkkin<;er,^.. 66 

Metallurgical Analysis^ J. J- Morgan, \ 66 

Metallurgy (Introduction to), Sik W. Roberts- Austin, K.O.B., 63 
Gold, Metallurgy of, Kirkk Rose, A.a.S.M., 63 

Lead and Silver, „ H- i'. Oollin8.»A.R.S.M., 64 

Iron, Metallurgy of, Thos. Turner, A.R.S.M., 65 

steel, „ F. W. Harbord, . 66 

Iron-Founding, . Prof. Turner, 68 
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Geology and Palaeontology, 

OJV THE BASIS OF PHILLIPS. 


HARRY G O V I E R SEELEY, F. R. S., 

PKOHBbSUk OP r.ROORAPHY IN KING'S COLl^EGB. LONDON, 

Wlttb fc'ontieplece In abr^mo«Xttbograpbe, anb SUuatratfona. 

“ It is impossiiile to nraise tcx> highly the research which Professor Sf.flby*S 
* Physical Geology ’ evidences. It is far more than a Text- book — it is 
a Directory fo the Student in prosecuting his researches .” — Presidential 
dress to the Geoio^ual Society^ i885,Z|y Pcv, Prof, Bonney, D,Sc,^ LL.D,f P,P,S, 
“ Professor' Seeley maintains in his ‘ Physical Geology ’ tlie high 
reputation he already deservedly hears r as a Teacher.” — Dr, Ifenry Wood- 
ward^ F,R,S,^ in the “ Geological AfagaztneP * 

** Professor Seeley’s work includes one of the most satisfactory Treatises 
on Lithology in the English language.” — Amefican Journal oj Engineering, 


Demy 8vo, Handsome cloth, 34^* 

StratigrapMcal 'Geology & Palaeontology, 

OH THE BASIS' OP PHILLIPS. 
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ROBERT ETHERIDGE, F.R.S., 
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IVtsttHifisier Kc^’inv. 

“ If Prop Skklkv's vulmuc wa.s rctii.irkable for its originality aiul the br^dth of its news, 
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OF kkfkkkncr .” — Aifuntrum 

OPEll'flIR STUDIES GEOLOGY: 

* All* Introduction Geology Out-of-doors. 

By PROFESSQ.R (IRENVlJ.I.E COLE, M.R.I.A., F.G.S. 

For det.Tils, see (ariflliii’s Introductory Science Series, p. 85, 
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THE EARTH^S ATMOSPHERE. 

Including the latest Discoveries and their Practhal Applications. 

By dr. THOMAS LAMB PlilPSON. 


PART I. — The Earth^ A'jm<»si*iikrk in Ki.moii-: C.Kf)! ( k;ical Periods. 
PART II. — The Ai mosphi.rk oi <n'K Pkeskm' Period, 
Ai*i*km>h f-..s ; Index. 


Dr. Phipson's wmk ainiil'l iniu^i which i‘' inU;iC'»l lo tlie 

Scientist and the Gciicial Kcaiioi .ilihc, a sh<ut f. sui/ic o! Ins discovciy «>f the 
origin of Atmospheiic < hwgoii, tiu (\i-.tcncc »»! wliicli he atfiil^utcs wholly lo 
*the action of Solar Radiation upon vegetaMe lilc. *1 lu* hook will he found 
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Weather Lore, and with Scieniilic M ficoix'logy. - I'iihh^Jurs Xot<’. 

“Tho book should {uo\e ol intfcM y'-aapr**, wolljis to uti’tforoloRiNt n 

and other atudoiita oi soeucc .YnD/rr 


By GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

rofessor of Geology in the Royal College of Science for Ireland, .nid Ex.tiiiincr in il 
University of London. , 

See aho the r.vo lollo-anni* (54* 55), utia page .S5. 
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By PROFKSSC^R GRKNVILLP: cole, M.R.l.A., E.G.S. 

• 0 

PiKTH Edition. 'J'liorouijjily Revised With Kifuilisinece and 
Illustiations. Cloth. los 'kI. . 


,, OBNERAL CONTENTS.— 

PART I. — Sampling of the E/^th’s Ckusi. 

PART II.— Exami.nation of Minp:kals. 

PART III.— Examination of Roc:ks. 

PART IV.— Examination of Fossils. 

* "Prot. Cole treats of the examination of mii*ei.ils and rocks in a way that has never 
been attempted before . . . ukskkving ok thk highest i-RAisift. Mtrc indeed aie 

'Aids' INNUMERABLE and iNVALUAtX.K All the directions are given with the utmost clear* 
ness and precision. ^ 
'"That the work deserves its title, th.it it is full of 'Aids/ and in thif highest degree 
'practical/ will be the verdict of all who use it .’’ — Natttrf 

" This EXCELLENT Manual . will * ^rry grkat hrlp ^ The section 

on the Eumination of Fossils is probably the Akst of its kind yei*pubUshed. . Full 

of well-digested information from the newest sources and from personal research.” — Annals 
s/Nsst. Hutorv 
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Prcfctical Iland-Boohs f<ir ike Use of Prospectors, Explorers, 
Settlers, Colonists, and all IrUerested in tlis opening 
njt an* I Development pf New Lands, 

I 

Koitki) j:y <;11|‘:NVILLE a. J. cole, M.H.r.A., E.G.S., 

ProfuHHor (jf in thu Ilojal (‘olle^'e of Scieiict; for.lrcland, :ui(l IjJx^minerjD 

tlio UnivfiNitv of London. 

• c. 
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III Crown Hoo. Handsomt. Cloth, 5s. 

With Numerous Maps Specially Drawn and Execut&l for this Work, 

HE'W LANDS!. 

THEIB BESOUHCES AND PBOSPECTI^VE 
ADVANTAGES. 

By HUGH KOBERT MILL, D.Sc., LLD., F.R.S.E., 

lNTUOl)U«!ToiiV,-“Tln* I Ljvnlopirifiil. of Nt*w Liintlw. — Th»* Dominion of 
(Jaiuida. — Cnniidji, KiiHtcrn Proviiu'cs. — Canada, Western l^rovinucea and 
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The Falkland ltdands. Victoria. -New South Wales. — QueensPnd. — South 
Australia.-— l^iHiriauin. -W«‘stern Australia.— New Zealand.— The Resources 
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“ Pain.s’S..king . . . co.Mei.KiK . . ot KDut i*R\onevr. .vsaiHTANCK.”— TVie AeW- 

'‘A want admirably supplied. . . . IIah tbiS advantage of being written by a pro- 
feaeed Oeographer,”— f/reprrt/>/tn’<i/ Journal. 


With many Kii^raviui^s and Plmtojfraiihs. llandat>me Cloth, 48. 6d.J 

P^OOD SUPPLY. 

By ROBERT BRUOE, . , 

Agriciilturiil t^iiporlutfiident to the Koyal Dublin Society. ^ « 

With Appondix on Prestrved Foods by C. A, Mitchell, B.A., F.LC. 

Gene UAL Contents.— Climate and Soil— Drainage ahd Rotation of 
Crops— *.3ceds and Crops — Vegetables and Fruits— L>attle and Cattle- 
Breeding— Sheep and Sheep Rearing — ^Pigs — Poultry — Horses — The Dairy. 
— The ^^airIper’s implements —The Settler’s Home. 

” BRISTLK.M WITH iNKORMATioN." - Fanwrr#' Gazette. . 

* “ The worleis one whU h will appeal to those intendinc to become formers at home 
or In the Coloa’cs, nnti who do.sii-tf ti.> olituln a general idea of the true principles of 
farming In all its bjiancuks." --./wn^al •/ the Uoyai Colonia' Inst. ^ 

A most REAU.vohK k'lid V M.r \[tLK book, and merits an EXTENSIVE SALE."— Soofftih 
Farmer, 

“Will prove of service in any taut of thk wohlu."— J lTo/nre. 
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PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Deuelonment of New Lands. 

Bv S. ftURBERT COX; Asi.o.'.K.S.;H., M.Inst.M.M., F (i.S., 

ProfPSHor ot Mining at tin' Uoy.i', Si’hool of Lliiioa 

Gsne^L Contents. — Introduction and i lints on Getilogy — 'J'ho 1 >etennma- 
tion of Minerals : Use of the Hhiw-piiie, — Hock -forming Miuer.dBaud Non- 
Metallic Minerals of Coiniuercial Value : Koek Salt, Jk;rav, Marbles, Litho- 
CTaphic Stone, Quartz and Ojial. &c.. Ac.- -rrecious Stones and Gttus — Stratified 
Deposits: Coal and Ore.sMineral VeiiiM aufl Ixodes — lrre(,dilar Deposits — 
Dyn.wfcs of T^odes : Vaults, &i* — Alluvial Deposits — Noble Metals; Gold, 
Platipum, Silver, &e. - I,.ea<l — Mercm-y I'tjpjM'r 'riii— Zinc — Iron — Nickel, 
&c. — Suliihur, Antimony, ArMcnic, &c. roinbuMii]>l<‘ MiiieralH— IVtroleum — 
General Hints on ProMpectint' — lUossary- Index. 

“ Ibis ADMIRADLK LITTLE WOuR . . . writte'l with BOIKNTIKIC ACOURACY In a 

OLE All and LUCID style. . . . An important addition to to hiiical litoruture . . . 
•^Minvng Journal. 


IN PREPARATION. 

BUILDING CONSTRUCTION in WOOD, STONE, and 
CONCRETE. By Jamkjv Lyon, M.A., ProfesHor of En- 
gineering in tlie Koyal Collt‘ge of Science for l^elancl ; 
sometime Superintendiuil of the Engineering* Department in 
the University of Cainbryge; and J. Taylor, A. R.C.S.I. 

other Volume.*, deaJiiiK with Mihjeetfc of Phimakv Importance in the KXAMI.N- 
ATlON and I'TlLliiATlON ni Luiuls which have not as >et hei’ii fully developed, are in 
preparation. ^ 


Cmwii 8vo. IlandHomc CIolli. Illustrated. Gs. 

MINING GEOL-OGY. 

A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 

By prof. JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Dii color of the OtUi^o riiivcisity School of Mines ; lat^ Olreclor 
Thames Scluiol of Mines, and Geological Surveyor and .Mining GdohigiA>to the 
GovemiXent or New Zealand 

General Contents.— Introduction.— Ciassiflcalion of Mineral Deposits’.— Ore VcfiiB," 
their Filling, Age, and Structure.- The Dynamics wf LrKlea and Deds. -^re Deposits 
Genetically Considojfed— Ores and Minerals C^oifsu^jjred Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Vafuation of Mines.— 4ndex. 

“ A w'ork which should And a place in the library of every mining engineer.”— 
Mini tig World. 

LONDOM: CHARLES GRIFFIK t CO., LIMITED. E;(|TER STREET. STRAW 

» n 



5 ^ Oa ARLES oAlFji'm A OO.'S PUBLICATIONS. 



r By Sir C. l.E NE^E FOSTER, D.Sc., F.R.S., 

] A I I PROKHSSOK OF MINING. ROYAL Cf (LLHOK OF SCIKNCB. 


RkV 1SI.[>, ANJJ BKOUGIIT li P 'J O-DATK 

JiY HKNNKTT H. BROUGH, F.G.S., Assoc.R.S.M. 

-GENERAL CONTENTS. 

INTRODUCTION. Mode of Occurrence of Miner? Is.— ProspeoMne.— Borlnsr. 
-Breaking Ground. - Supporting Excavations.— Exploitation.— Haulage or 
Transport.- Hoisting or winding. — Drainage. — Ventilation. — Lighting.— 
Descent and Ascent.— Dressing— Principles oiEmpIoyment of Mining Labour. 

Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.— Index. „ 

"Wo liavu Kuldciin lia«l Iho iile:iFut-o to roviow :i woik so thorough and complete as 
tho preHunt oMi^ Itoth in nninnor and in inattor it is fak supkiitor to ANYTHING ON 
ITS HPKOlAli lIlTMKKTd l‘rUL1SllKI> IN Knol^np." — Athciuviim. 

" Not only is this work tin.- urknowlodued text'liook on metal mininf? in <ii'(A.t Britain 
and tlie ('ulonicK, lint that it is ho ri'i'anlcd wi the loiited States of America is evidenced 
iiy the fa<‘t Mint it is tlie hook on that snhji'Ct rci'omniendcd to tlie students in in >.st of 
the rniniiiK Keliools of that coiintry.”--77n> Times. 

In Cr«iwn ftvo. Unndsoiiic < Uv»Ui. With nearly lllustrutionH, many of 
them beiiiif full paj^e reiiroduolioiiH of views of yrcat interest. Price 7 ». Od. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 

By iSM{ C. Lb: FOSTKR, D.Sc., F.R.S., 

Professor at Minim; at tin* l{oya\‘<’ollc;re of Science, rAiiidon, with which is Incorporated 
the Ivoyal S<'huo] of JMiiics: lately one of II. M. Inspectors of Mines. 

Genkrai. Contents. — lNTitoin'rTic»k. — Occurrence of Mineral.'*. - Jh’o- 
.s|)ectind. -Boring — BroaUiiig (<roiiiid. — Suiiporting Excavations. — Kxoloita- 
tion. — rlaulnge or TrauHp<»rt.'-- Hoi.sting ol* Winding.— DrainaRC. — Ventilation. 
— Jjightiiig.-- Descent and Ascent — Dre^ung, &c. — I ndex. 

" A reniarkatiiy clear hurvey of the %\Iiole ilcld of ii^iing operations.*' — Enqineee. 

" Karely does it fall to I lie lot of a re^ fewer to have fti accord sueli unriualiNed jtraise as 
tills hook de.scrves. . . . The pi ofession generally liave every reason to ho grateful to 

.Sir C. J .0 Neve l'’oHter for ha vim; enriched ediieutioiiiil Iilern*ure with so adiulrahle an 
4henieiitury Text-hook.”— Itliiniig Journal. 

i« 

Fifth EunTON, Revised and Greatly Enlarged. With 4 Plates and 
O70 niustrcUions. Price 24^. net. 

A TEXT-BOOK OF COAL-MlNING: 

FOB THE USE OF COLLIERY MANAGERS AND OTHERS 
i ENGAGED IN COAL-MINING, 

By HERBERT WILLIAM HUGHES, F.G.S., • 

Assi^c. Ro^al School of Mines, General Manager of Sandweli Park Colliery. 

GENERAL CON’l'ENTS. 

Geology. Search for C’oal. — Breaking Ground. — Sinking.— Preliminary 
Operations!* — Methods of Working. — Haulage. — Winding. — Pumping. — 
Ventilation. — Lightpg. — VVork‘l»;it Sjurface. — Preparation oi Coal forMailcet. 
— Index. 

"Quite THK BK.sT HOOK of its kind . . . as , practical in aim as a book can be . . > 
The UlustratMm.s are KXcn.i.\.\Lnr.'''~AthfHa^4m 

** We cordially recommend the —Collierv Guardian, 

Will soon come to be regarded as the stanoard <woRK of its kind " — Birmingham 
Daiiv Gazette. ^ ^ t 
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WORKS ON MINING. 

:f Edition, KevUed. With Numerous Diagram . 

' Cloth, 7s. 6d. ^ , 

A TREATISE ON MINE-SURVEViNG: 

For the use of*Managere of Mi/lba \ind Co/tieriea, Students J 
at the Royal School of Mines, dc. 

Bv BENNETT H. BROUGH, F.G.S., Assoc.R-S.M., 

Formerly Instructor of Mine-Surveyinjr, Royal Si'Sool of Mines. 

*‘ Its CLEARNESS of STVr,K, Lli’CiniTV of I>F*^rkir*rioN and FI'LNI'SS of 1>itl AIL liavc: I<Mi^ Af^OWOn 
for it a pUice uTni|Uc m tin* literature <if tli:.hran(.h ot ifiiiiiii,' rn>;im‘< nni;. and tin present edition fiilly 
inaint.iiris t)ie hi»;li stand ird of itspri d^i* ss .rs I'n tin* stii-1i nr, arid (E the iiiiii.n.^' i ni;iiii*».‘r .dike. ITS 
ALUr- IS iiic .liir^l>'e 'I li.j iliii..tr^iar.s arL t x..cri.-!it J/-- 1/*»f-. A'7ir>:t!. 

In Lari^c Crown iivt». J ully *Jilusti;iicil. 

THE INVESTIGATION OF MINE AIR: 

An Account by Seue/al Authors of the Nature.^Siyni flcnnc^ and Practical 
Methods of Measurement of the huputitics met luit^i in the 
Air of Collieries and Metaltifcwus Minem * 

^SiR CLEMEN T LE NeV^e’ FO.S'J'EK, D.Sc., E.R.S., 

And J. S. IIAI.DANE, M.l)., KR.S. 

'‘We kuo« of nothin;; esscnti.il that h.is been lunhltti. Tin* book^is lilicr.ills supplied 
with iUustr.uions of appar.itu Cn^/jrrv 

In Crown 8vo, Ilaudsoiue Cloth, tis. (kl. net. 

MINING LAW OF THE BRITISH EMPIRE. 

]5v CUAUI,K3 J. AI-KOItl). K.O.K.. M.liiKt.SI.M. 
f'oNTKNTS. - Tlio l’rinrii»lc.s of .Miriiii;; Law* 'i'lif Minin': Law of (ij'oat 
Britain. --Biiti.sh liidi.i Ccvlon. "Iru inia, 'J'lic Mala>* IVniiiMiIa Lritish 
North Borneo K;;y I »t. — ('ypriis. - 'I’hc Dominion td f'anada. - liritish 
Guiana. - Tlic (told Ct)a.st ami .A.slianli. (’ajiL' of (iooii* J loito. — 

Natal. — Draiigc Jlivt-r (Jolonv. 'rransvaal (\)lt)nv’. KliodcHi:!. 'J’Jie 

Couitiion wealth of Au.stralia. — Now. Zoalaml, i!v:c. - Imm'\. 

‘.''^Itould be speimlly Useliil to .ill those •ii;:H_i‘ii in the iliinciion oi niiiiiij': enter* 
prisi-s .” — Finnnrtni '/oneje 

Cannot iftil to be Useful . . . wi- eonljal*’' n • oienmiidllif book. ’ M muKj \Vt),(d 

In Lnrtje Hvo. KiUiitTii Kdition, J*rirc lOv. Cd. * 

Mine Accounts and Mining Book-Keeping. 

For Students, Managers, Secretaries, and others. 

With Examples taken from Actual Practice %f Leading Companies, 
Bv JAMES GUNSON LAWN, A.K.S.M., A.M.Inst.C.K., F.G.S., 

ProfesHor of Minhii; at the South Afrutan .School of MincH • 

, ISditkd uy Sik C. LE NEVE FOSTER. D.Sc., F.R.S. 

“It seems impossiblk to NURRest how Mr bonk could bo tna«V9 mom oomj*lkjk or 

more VALUABLE, careful, and exhauMfi’g* ’ — ArrjomUanU Mnnutun 

THE MININC ENCINEERS' REPORT BOOK ARD OflBECTORS*’ 

AND SHARKH0T.DJ5RS’ GtJlDK TO MINING REPORTS. ]{y 
Edwin R. Field, M.Inst.M.M. • With Notes 5ii the Valuation of 
Mining Property and Tabulating RejKirts, Useful 'J'able.s, &c., and 
provided with detachable blank pages for MS. Notes. J’yeket Size, 
Strongly Bound in Leather. 3s. bd. 

“An ADMIRABLY cumpileil which Mining E^gifu'crs and Manakera will find 

•UTRKMELY DSEFOL."— Journal. 
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' iSecuvo ISoiTloN. In Crown 8»o. Handfome Cloth. W^ith 30 iVieitf 
■ JUuslrcUiona. "Ja. 6(/ net. 

ELKGTRICAL PRACTICE IN COLLIERIES. 

By B. burns, iVr.E., M.Tnst.M.E., 

Ccrtlficatcil Co1lii>i v .M:in:iv'<‘i, mikI liCcMUftr on Minlnt? iiinl (looloi^'y lo ihi* Glasgow and Wont of 
Si-iit>aiid TurhiiR'iil Co|i<*'/t 

Units of M«*;isiir«*Sncnt, Uoiu Inctors, A:c. — The Th»‘i»ry of the 1 )yiianio. — 'I'he 
Dynjirne, Details of (JL-uistriietioii aiul Working. —Mot«)i‘s. — Lighting* Installa- 
tioiiK in (JoIli<‘rio.*i. - 1‘uniping by Electricity. l-^ 7 ,ulagf. — Coal 

Cutting. --“.Miscollsiiicous Appliciatious of Electricity in Mines. — Coal Mines 
Jlegnl.itioii Act (Electricity). I^’iiKX. 

“A «-l»:ar and conciHi* iiil.i-odiiolion to electrifal pr.ii-tiee in uollieru '^-” — Mining 
Joni'iiitl. 

EoijitTii Edition, Thoroughly Jievised anil Crcatly Enlarged. Re-sot 
througlftiut. Large Crown 8vo. Handsome Cloth. 128. 6d. 

PRACTICAL COAL-MINING: 

A MANUAL FOR MANAGERS, UNDER-MANAGERS, 
GOJliLIERY ENGINEERS, AND OTHERS. 

With Worked-out VrohUmn on iJaulacje.^ Pumping^ Ventilation, Ac, 

By GEORCE L. KERR, M.E., M.Inst.M.E. 

‘‘An RSHBNTiALiiY I'liACTB Ai. vfoHK. iiiiil r.iii Ik* MMifidi'iitb I (‘('niimii>iiUi*d. Nu di*i).irtmeDfe 
of ('ofil HininK han In'oii o\orli»<(l(rd / iim.ifi •. 

ELEMENTAlflf COAL-MINING : Eor the Use of Students, Miners, and 
others preparing tor t^l.\aniinations. By (tEokgk L. Kukr, M.E., 
M.Inst.M.E. /Author of “Practical Coal-Mining.” In Crown 8vo. 
Ihyndsoiiie Cloth. VV'ith 200 Illustrations. .‘Is. (5d. 

“All .iliiiiidauci; of iiifui illation coiMoycd in .a |h pillar an attnu-tivc* form . . . Will In) 
ol KriMi iiM* to all wlio an‘ in .ni\ iv iv nit«*r<*stnl in •'••il iiuiniiu'.’’— .VrwElfjiA Critic. 

BLASTING : and the Use oif Explosives.. A Handbook for 

hhigineer.s and others Engaged in Mining, Tunnelling, Quarrying, &c. 
a. By ilscAK (liJTTMANN, M. lust.C.E., McLu. Sdc. of CivU Eugs. unil , 
Architects of V’icuna and Budapest, Cor. Mem. Imp. Roy. Geol. lust, 
of* Austria, &c. Skcond Edition, Kevi.sod. In Large 8vo, with 
illustration.s and Eolding-Plutes. 1U^>. 6d. 

“Should prove ^ vadr-weenm to Mining Engineers and all engaged tn practical wbrk. 
-~/ron and Coat Trades 


TESTING EXPLOSIVES. By C. E. Hichbl a (1 Axel Laksen. 

Contents. — Historical — Testing stations — Power GaugesT-ProductiS 
of Combustion — Heat of Decomposition — Rate of Detonation — Rato 
and Duration of Flame — After h'lama Hates — Transmission of Explo- 
sion — Eilicieiicy, Ac. In Medium Svo. Fully Illustrated. 6s. net. 
‘'Its pa^"s bristle with biiggc.stidiia and actual experimental results to an extent 
seldom found in a volunu* of five times l,ts si/o.'’— Ai'iitji and KxploHces 

. *• .• 

SHAFT SINKING IN DIFFICULT CASES. By J. Riemer. 

Trauelatod from the German by J. W. liitoncH, A.M.In8t.C.E. 
With 18 Figures in the Text, and 19 Plates. Large Svo. At Press. 

' LONDON r^CHARLE^Rlfrl’N ft CO.. lIMITElf. EXETER STREETrSTRANDT 



MINING AND MBTAL^UROY. s% 

Second Kdition, Ifeviited Throughmit. In Afedium 8ro. 

Nitnieroiis Phtfen^ Maps^ and Hlwitrationa. j| 

CYANIDING GOLD &. SILVER ORES. 

A Pra.‘:tical Treatise on the Cyanide Process; its Applicatibn, 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H. FORBKS JULrAN, 

Mniiit^iind Midmiurgu'al KiieiiKvr: in Co!*! : L.-m- 'IV^liiiunl Ad\iMer of th<* 

Dii'iilsc'lio Gold iiiitl SillKi Schoido I'r.inkrtirt mi .Mniiu’ 

•Ani> EDftAR SMART, A.M.I.O.K.. 

Ci\ll III'I Mi't.tlliii;;ii .i1 r,ii'^i)i'«T 

‘A liiiiKlsonio VMiuuic of 4(U» jijifir^ wliii h Mill lu a vnlnaldr ho^iU ol i- !. t nr for all 
associated with tJu* jiron ss.” M inintj Jmii ,nif 

"The autliors are to l>r coiiuiatulalVd upon (In* proiliirtnui of wliat 'slnmlii i»ii»vc to he 
astAndard work.”' /Vn/r s Mn‘ta::tnc. • 

^ 9 

hi Cr<nrtt Sro. With io •» and mam} Itluslratian'i m (h> TefU 

Hand'iomK (Hath. Is. 6f/. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

>1 Text-Book for the Use of Metallurgists and StuSents at 
Schools of Mines t dc. 

/By JAMES BAKIv, K.O.S., M.Inst.M.M., 

Professor of Mining aiul Diroclor of the utago rniversily Seiiool of Mines; late Direutor 
Thames School of Mines, and CScolocical Survryoi and Mining Geologist 
to the Government of Now Zealand. 

Fgcbtk Enodtsh Edition. Thoroughly K<‘vkoil and (Troatly Kulart^ed. 
With additional details cotiecriiin:; .the SioineMs-B<'tl^kc and other 
recent processes. • 

*' 1 lescrvos to be ranked as amongst 1 lie ^KST « ‘K K.VfsTl no tr katihks '' — 

TiriKD Edition, Ucviseil. and tUustrations. Cloth fid, 

G E TT I N G GOLD; 

A GOLD-MININQ HANDBOOK FOR PRACTICAL. MEN. ^ 

By J. 0. F. JOH>^SON, F.G.IS., A.I.JVi.E., 

ill re Muuihci Australaaiun Mine- Managers' Association. * 

General Contents. — Introductorj’ ; Vrospecting (Alluvial and General) — 
Lode or lleef prospecting —Gonesiology of Gold— AuriferoiiH Lodes — Drifts — 
Gold Extraction — Lixiviation — (Jalcination — Motor P^er and its IVansmission 
— Company Formation — Mining Appliances and ^Methods — Austraiahian 
Mining Regulations. 

" PraOTIOAL from beginning to end . . . deals thoroughly with thd ProsjfPbctlng, 

Bfuklng, Crmshing, and Extraction of gold.” — Brit. Auntralanmn 

, . .... • 

In Crown Si»o. lilustraSed. Panaj Cloth UoardH. 4«. id. 

GOLD SEEKING IN SOUTH AFBICAr 

A Handbook H^nts for intendfn^^ Explorers, Prospectors, 
and Setters. 

By THEO KASSNKK, 

Mine Manager, Author of the* Geological Skvtrli Map of the De Kaafi Gold f irliN 

With a Chapter on tho. Agricultural Prospects of South Africa, 

.Vs fascinating as anything e\^r penned by Jules African Commerce. 


LONDON : CHARLES! GRIFFIN & CO., LIMITED, EXETER STREET, E^TRANO.. 
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( Large Svo. Handaome (‘loth. Witli llluatratioDS. 

128. 6(1. net. 

METALLURGICAL ANALYSIS & ASSAYING: 

A THREE YEARS* COURSE 

FOR STUPENTS OF SCHOOLS OF MINES. 

Hy W. a. MACJLKOD. Ji.A., B.Sc., A.O.S.M. (N.Z.), 

Forirn*ilv Ahsinf tIi.hik's Sfiiool of Minos (N.Z.). anil Lpctiiror in rhoniistry, Unl^emity 

orTaHiM.'iniu ; DirccLor of Qiirciislainl Ooveinmont i<';ljooir f MincH, C]iarti<t.-« Towers ; 

And CHA/i. WALKKU, F.C.S., 

oriiierly AH.si.sl.-Deiiiiiii'.lnilnr in (lieinisLiy, Sjilney Dnui iMtv . Lecturer i. ('neiiiiati-y 
iiiiil Mi-talluit^y, ('lintleiH Towith 8ctii)o| ot Afiiiea 

Part I.— Qiialitative Analy.sis ami Pn^paratioii and Properties of Gases. 
Part 11. — (Qualitative and (QuantitatU'e Analysis. Part III. — Assaying, 
Technical Ailal^^ais (Gas, Water, Fuels, Oils, &c. ). 

"The pnhiicatiiiii of this volniiic tends to prove tluit tin; Leaching of nictidliirglcal 
analysis and assayintj in AiiMtialia list*, in (‘irnipi-tent liaiuls.”--AffD<>c. 


Ill Crov'n .Svo, ISeauniully lllii.stratiMi vvitli nearly KKl 
M icropliotoi^rapha of Stetd, &c. 7s. (jd. vef. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLOIMS OSIVIOM) & J. F. STFAJ>, F.Pw.S., F.LO. 

Contents.- aVctalJo^^raphy consid(UTd as a method of Assay. — Micro- 
gra]diic Analysis of (>arl)oii ^Steels. -Preparation of Speciinens.—Polishing. 
— ( 'oijstitnonts of Stool; ForrlU' ; CVinentito; Pearlito; Sorbite; Martensite; 
Ifardenito ; 'rroostito ; Austenite. -- IdcTtitication of Constitnents.— Detailecl 
Examination of (Jarhon Steels - Conclusions, 'riicoretieal and Practical.— 
Apparatus emidoyod. -Aim'KNIux. „ 

‘‘TIum’c lias luicn no \\ork pieviourOj puldisiu-d in Kn^lNi oalciilnted to he so useful to 
the studfiit in inelalUigiaphu- ivseaudi." -/lotf aiu( >frel Ttatlctf' Journal. 


Tujkd Edition. Witli Folding JMutes and Many llluBtratione. 368. 

* fiX.EiWIBSN'JrS OT^ 

IVE E: *r A ILi X.I XJ R G Y. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING PETALS • 
FROM THEIR ORES. 

By J. ARTHUU rillLLlPS, M.Inst.O.E., F.C.S., F.G.S., &c. 

" And H. BAUKRMAN, V.P.G.S. 

GkneuA Consents. -- K ef ractory Materials. — Fire-Clays. — Fuels, &c.— * 
Aluminium. ~ Copper. — Tin. - Antimony. — t Arsenic. — Zinc. — Mercury. — 
Bismuth. —Lead. — Iron.— (’obalt. - Nickel- Silver. — Gold.— Platinum. 

'*Of the ^HiiiD KditioaN, we are still able to say that, as a Text-book of 
Metallurgy, it is thk bi:.‘>t with which we are aerjuainted.'^ — Engimer, 

** A work which is ft.iually valu.alde to the Student as a Tex£-book, and to the 
practical Smelter as a Standard Work of Kefereiice. . . . The Illustra^one 
are ai^irable examples of W«,od 'FJhgravinsr .*’ — Chemical 

LONDON: .CHARLES GRIFFIN A GO., LIMITED, EXETER STREET. STRANa 



METALLUROICAL WORKH. 


i6i 

Second Edition, Revisetiy Enlarged, ami lie-set Throughout onLaj'fjtr Page, 
With Valuahle Bibliography, New Mape, Illustratwvs, dbc. 45y 7i€t, 

I4N •X’W’O VpJI^UMJBS. 0 

A treatise on • 

:p:E]Ti^oii.DSTJ 3 s/d:. 

By sir BOVRRTOX RKDWOQB, 

* D Sc.. F.K S E . Aa>oo. ix'ir (’ E K. I i.' 

Hon Mem. Am. Phil. 8oc Hon Mt'in UiiKt J'l'rh Sue * ^tUiiL'r on ivtrolruiii to tlip 

Adifiiiaity •ml Home Ofhci^ Oonsiiltiii;.' f-i Hn* ( oriKir.itmii of Liitnloa iimlor 

t.he PetioloiiiD Ai't’j; A'lvisjroii Petiolcnin TiiiiMport to Hu* Tli.iiiu's I'oiisiTviiiicy. 
(.'cNTKNTs. — S ection I.: Ilistuneal AmuiiitoAhe PttroUMini Imluotn’ — Ski’TIon II. 
Geolocical aiul (leoijrnphical JMstTiimtion ut Pt‘trt>*Mini amt Nutunil Gu.h .Sk'TIiin III. 
The (.'iiemiciil and Pli>sical Properties of IVtitdeurn :iml .N'atiirni G:i' "Ki TION IV. 
The On$rin of Petrolmim and Natuial Oj*'. SK('n<‘\ rin* Ptoduction ot l’l■trolell 1 l 1 
Nutiir.il Gas, and O/okerite. .'<i«tion VI ; The Uetlnin” of Petroleum Section Nil. 
The .stialo Oil and Allied Tii'lM‘»tnei. .''Kition VIII • The 'ri‘an.>pi»rt, Storajre, and Ois- 
trihniion of JViroleiini.- Shtion 1.\. : The TebliUKof t lude Peliole^iif, IVtrolenin and 
3hali' tj»l Products, O/okerit I*, and .\'>phalt. Si.tTloN \. 'riie I .-ies of Pelrolenni :ind 
its Piiidiicf. 'SECTION .\1. ■ 'Statutory. ^^InIelp.ll, amt I'tlier Reunlatioii.s lelatiiii to 
the f^tor.ap*, Tran.‘'i»orl, amt I M-nf Pctiolmni and its Pioducts. - AprirM'P Ks. 

-I'.riiLK'fiitArm. - l.M*F\. 


SucoNJ* EditiOxV, Bcrtm.d. With H'u.'i^rutions. S.v. Gi/. tut. 

A HANDBOOK ON PETROLEUM, 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and its Products, and of Calcium Carbide. With 
suggestions on the Construction and Use of Mineral uil Lamps. 

By captain H. THOMSON, 

H.M. C’hior liiHfiM'tor of K\plohivc.s, • 

And sir BOVKRTON HKDWOf)]), . 

Auilior of •' WTn*.'Ui‘'e on P«>troleuiii 

OixTKNTa — 1. Tntroductoi} —11 S«nir<eH of Siipnlv.—ni ProdticMon —IV. (.'hoinioal Prn- 
ditcti--, ."hale Oil, and Coal Tar-,V. Kl.mli "Fomt and J'lrc T« si — V'l. Teati !)»;>.. -VI I Kxnaffie 
Leirwliition rolHtiiifi to JVtrolcmn --VI1I --IX — Pret .uilnnm Neo-ssary.— X. Petrolniiui Oil 
L-oiips —XI Carhide of C'ak-nnii and A« eiylcm' Ai»pciidiee.s — 1 ni»k\ 

"A Milmne that will enrich the wiirhf'* iieiio!«‘ani Iitei.itun-, .■nnl lender a Bcrvict* to the 
British bi.uieh of the induhtry. . . . Reliable, indispensable, a biillianb eoiitributiun."— 

JH^^trohnin. * 

• 

111 'Crown 8vo. Fully Illustrated. ‘2s. 6d. net. • 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

’ By J. a. HICKS^ 

Chemist to Sir Boveiton Rodwooil 

contents. — Specific Gravity. — Flashing P'diit. - Tests. — Visf'o.sity. — lhilour.— 
Apjaratus.— Detection of Petroiciini VajHiiir. — Capillary Test. Midting Point. Paraffin 
Scab- and \Va\.— Oil in Scale.- Estiiiiation of Sulphur, of Water.- Calorific Value.— 
•Table.s.— TNP ex. 

“."h'Uld I'l’on the sheUes of evcr\ iniuhlie.d rli<ini>l in fii.ulne i/ hiuniol. 

• 

OILi FUBLi. By MUXKV Jl. NORTH. {See jmje 29.) , 

THE PBTROliBUM LlA.MB: (ts Choice and Us'd. A Guide 

to the Saifia Employment of the Paraffin Lam^. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illustrated. Is. net. 

“A woik which will meet every imn>«se for whicil It Inw heen written."— 


LONDON: 


CHARLES GRIFEiN & GO., LIMITED, EXETER STREET, STRANU 
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CHARLES QRiA'IN A CO.’S PUBLICATIONS. 




(IlnjKns Ht4aUttrgtfaI Scriis. 


STANDARD WORKS OF REFERENCE 

, FOR 

Metallurgists, Mine-Owners, Assayeri. Manufad1;urers, 
and all interested in the development of 
the Metallurgical Industries. 

•' ' EDITED BY 

Sir W. RQBERTS-AUSTEN, K.C.R, D.C.L., F.R.S. 

Vi 

In Large Zvo^ Handsome CMh. With Illustrations, 


INTRODUCTION to the STUDY of METALLURGY. 

By the Editor. Eifth Edition. i8s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. "Kirke Rose, 
D.Sc., Assoc. R.S.M,, F.C.S., ('hcmist and Assayer of the Royal 
Mint. Mfth Edi'iion. 21s. (Seep. 63.) 

LEAD AND SILVER (The * Metallurgy of). By H. F. 

Coj[.LiN.s, A.SSOC. K.S.M., M.lnst.M.M. Part I., Lead, i6s ; Part 
n., Silver, I'os. (See p. 64.) • 

IRON (The Metallurgy oO-* By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised, (^ee p. 65 ) 

S^TBEL (The Metallurgy of). By »F. W. Harbord, 

Assoc.K.S.M., PM.C., with a Section on Mechanical Treatment by 
J.‘ W. Hall, A.M.lnst.C.P'.. Third IOdition. ^5s. net. (See 
p. <i 5 ) 

Willjhe Published at Short Intervals. 

METALLURGICAL MACHINERY: the Application ot 
Engineering to Metallurgical Problems. By Hbnr\ Charles } BNKINS, 
V^.Sc., Assoc.R.S.M., Assoc. M. Inst. C.E., of the Royal College of, 
Scieijce. , (See p. 64). 

COPPER (The Metallurgy of). Bv Thos. C. Cloud, Assoc. 
R.S.^V 

ALLOYS. By Edward V. \rAW, AssocR.S.M. • 

*,* Other Volumes in Preparation. 


LONDON :|WARLES GRIF^HM A GO.. LIMITED. EXETER STREET, STRAND. 
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GBIFFIN’S METAXJjUBGICAL SERIES! 

• 4 t 

Fifth Edition, thoroughly Revisetl and considerably Enlarged, l^ige 
8vo, with numerous I Illustrations and Micro- Photographic 
Plates of differonl varunies of Sled. ' 

, An Introduction to the Stftdy of 


Sir W. ROHEKTS-AUSTKN, K.C.iJ., i'.R.S., A.R.S.M., 

L.i^c Chemist and Assayer of the Royal Professor Metaliiirgy 

■ 111 the l^ollejje of Slioii 

ttKNKKAL Contents. - 'The Rrlatuui of Mti.iliiir;^\ to ('hmustry. - IM)\si(.iI Piopcities 
ol Metals. — Alloys. The ‘I heilnal rieatmtui <tf -- Kur! .md 1 heiiiMi Mea*suicuicuts. 

— Materials and I’roducls of MctaIlurKic.il Pnx e-^cs.-- I m n.n i-s. Mi. ms of Sii|)plyiiiK Air 
to Furnaces.- Thermo- (chemistry.- Typic.il Mct.illurKic.il Pic»ccss/‘,. •I’hc Mu ro-Sliuctiire 
of Metals and Alloys. — Economic Consiiieratiuiis. 

" No English text-book at all approaches this in the completeness with 
which the most modern view's on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced ." — Ckemtcal News. 


Fifth Edition, llevisetl, CuMsiderably Enlarged, and ^ part l^-written. 
With Frontispiece aui\ niimeroud IllustratioiiB. 21 s. 

THE METALLURGY OF GOLD. 


T. KIRKE ROSE, DSc-Lond., Assoc. R.S.M., 

* j Chemist anil AHHaye7' of the. Royal Mint. 

ItKnekal Contents.— T he Piriperlics of uncr^ts Alloys.— ChnniBliy of the 

Coiupouiids of (fold.— Mode of OccuiTeiicc and DistiiVnition of ihdil.- Shniluw Placer 
Deposits.— Deep Placer Deiw wits.— (Quartz ('rushinir in the Stamp Ihitlei-y.— Arnalnarri- 
ation in the Stamp Hatterv.— Other Forms of Crnshinir and Anialgainatiiig Machinery. 

, —Concentration in (lold .Mills.— Dry (.Tiishing —Ite-grinding.— Roasting.- C'hlorinaiion : 
ITie Flaltner Process, The Barrel Process, The Vut-Stdiithm fTiiCess.—The Cyanide 
Process.— (-'hem istry of the (.'yan’de Pnicess.— Relhilng and Parting of Gold Bnlhon. 
—Assay f»f Gold Ores.— Assay cf uohi Bullion.— .Sliiti.^^tic.s of co)«I Production.— Bibiio- 
^aphy.— I ndex. « a 

A e>>aiPitSHRNBivE PBAOTIGAL TBEATiss On this important subject " -T/te SKmet. 

'*Thfl uosT GOMPLETB description of the cHLeai^noK pbockss which has yet been pub- 
lished " - J^rnal. . * 

"Adapted for all who are interested in the (lold Mining Industry, being free from teeb- 
nicaliiies as far as possible, but is more particularly of value to those engaged in the 
industry.' —Cape Tortus . • 


LONDON: CHARLES SRIFFIN^A GO., LIMITED, f}(ETER 8TREU; STRAND. 
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OHARLieS ORIFI/IN d! CO.’S PUliLIOATlOX,' 


l^BIFFIN’S METALLUBGICAL SEBIES. 

Edited by SIR, W. HOBEPyTSV^^STEN, K.C.B., RU.8., D.O.L. 
/n Lanjn 8vo, IlandRome Cloth. With IUu 8 tration 9 , 


In Two Volairiorfi l^acili Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COlJilNS}. Assoc. R.S.M., M.Inst.M.M, 

JPart I.— X^SilLD: 

A Coinplcto .And Exhaustive Treatise on the Manufacture of Lead» 
with SecMouH oh Smelting and Desilverisation, and Chapters oc* the 
Assay and Analysis of the Materials iiiA.olved. Price i6s. 

SuMMAiiY OP Contents.- -S aniplintf iintl Assaying Lead and Silver -—Properties Wd 
CoiniKHindH of Leiul.— Lciui Orc.i. — liead SineltlnK- — Lteverhiirutories.— Lead Snieltiog in 
IleartliB. 'lUe lloaalvuv; »if lA-ad (ires.— Jilast Kiirimco Smelting; Principles, Practice, 
anil Exiiinplos; Proiiuets. h'liie Dunt, its (Joinp<>.«iitlon, (Mllection and Treatment.— 
Costs and Pnivliase of ()n‘K. I'leatineiitof /due, Lead Sulphides, Desilverisation, 

' Softeiiini' !iui Itelliiing. I'lie t'.ittinsoii Process. — The Parkes Process. — Ciipellation and 
Keflnliig, iicc., (tc. 

*‘A TIIoUomnir.Y .soti.N'D and ii.sefiil ditf'st. Ma}' with KVKUY OONFIPSNOE be 
recommeinle«l." Mimnt/ JmnnaL 


1 1 .— Si I JLi Y Ei R. 

Compri^ng DetaKls regarding the Soif4’ce.s and Treatment of Silver 
Ores, together with De^eription.s of l^lapt, Machinery, and Processes of 
Manufacture, Uciiniiig of Bullion, Cost of Working;, &;c. Price 16s. 

SUMMARY OK (’oNTKNTS. — ProjKM'ties of Silver and its Princ'tnd (Jompunnds. — Sliver 
fhes.— I'ho Patio Procos-s. -Tlie lv.a/.o, Pondon. Krohnkc, ami Tina Processes. —The Pan 
I'rocesB.— Roast Anmlganiat ion. Treatment of ’r:iiling.s and Coikicntration.— Retorting, 
Morilng, and Assaying --('hlnridiHiiig-KouHtiiig.— The Augustin, Claudet, and Zlen'oge) 
Processes.- -The Hypo Snlphilr htniehing Process. - Kenning. —Matte Spielting. — Pyritlc 
Smelting. ‘Malle Smelling in Kevorheratorios.— ^Slher-Coppcr Smelting and KeQning. — 
Index. 

“The author ha.s focns.sctl a mkok amount ok vALTfARi.v: i.npori^ation into A 
ooiivenlent form. . . . I'lie author tias evidently considerahlo practical experience, 

and descrihes the various pnir«^srs clearly and ivell. ' —Miniiiff .fovrnal. 


. METAMlCArMcfiNERY: 

The Applldatlon of Engineericig to Metallurgioal Probleme. 

By henry CHARLES JENKlNS, ' 

irA.^o.. AMr.R.S if., Anv)c.3l.InU.C.E. 

LONDON: CHARLES GRIFFIN & CO., UMITED, EXETER STREET, STRANA 
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GBIFFIN’S METAIiliUBGIOAL SBBIS 8 / 

Tjiikj) Edition* Revised. With Nudlerlus IllustrAtious. •LiMgo^vo. 

• Handsome Cloth. 25b. net. * 

With Additional Chapter on The Electric Smelting oj Steel. 

THE METALLURGY ttP STEEL. 

By*F. W. iYaRBORD, Assoc.RS.M., F.I.C., 

Comuiting MetcUiurgiat aud Anolytu'ai Chrmint to the hiv’ nn Oor^imment^ 
Royal Ifnlian Engineer lug College^ Coopers HiU 

With .37 I'lates, 280 Illustrations in the TcMt, and riea^y (lOO Micro- 
Sections of Steel, and a Section or. 

^ T U E M E C UA E I CA 1. T E EA T M E X T 0 E SV'E E L. 

By J. W. hall, A.M.In.st.C.E. 

• 

AHkibGMt CoMTHNTs — Tho PInut, Machinery. Method,-! iiinl (^heimsirv oi' tlio ifoHHOiner 
and or me •)i)erj Hearth Procen-^oa ( Vei»l anil — 'l‘ho Mecliaujcal rriMtTneni "T Steel 

contiii iH'ijfT Mill l^ractice, Plum umi Muehinei y. — Al'he iMfliienco i|I Muiullold^, Heat 
Treamiont. Special .Sti^elH, Micruhtructuro, Tcstinji', and Specille itions 

" V (Tork M'liuh we venture to eoniuieiid as an im'iinahle comitendiuni of inronnatn n upon 
the Tuetaimiyv nl steel /rori au<l Coal Trmht.' Itnufiv * 

Tin- Khqi Hi t r vAy«,, M the coneluiiioii of a n \ lew ol this hook --“M’l raniiol loiiilude wilhuut 
eHrne.-tIv reeonnneiuUtif.' all who may be inteiesied a:< iii«ikei>> m iieerH of ^te«-l. wliieli piaetir.nly 
means the whole of theeiiiriueeiiiii: profehsion, tomnke tliemsehen anin.iJiited with it anMieedit} 
ati p(i:!Slble, .ilol this inav he the iiioie easily doio* .is Ihe puhliaheil pt n e. > oiisnh riio.' the iiiZ' 
of till book. Is extremely niodir.<te ^ 


Thibij Edition, •Revised. Shokti.V. 

THE METALL.DR6Y OF IRON. 

By THOMAS TURNER. Assoc.R.S.M., F.I.C.. 

Professor of MttaUnrgu ia the Unirer.^ity of lih'intnuhom. 

In Large 8vo, Handsome Q.oth, With Numkkou.s Illustratio'Ns 
• (MANY from Photographs). . 

Qfnfrat contents.— ^uT\y Ili.siory of Iron —Modern Jfinrory of Iron — The Age of Steel. 

— (Jhiel Iron Ores.— Preparation of Iron Oro.H.— Tlio IJIuHt Piiniace.— The Air used In the • 
Blast FumHeo.A.HeactionB of the Biaet Fumaee.— 'Iho k’uel uaed in the lliaat Furnace.— 
SlaffB and Fuxes of Iron SnioltinE--Pi'uportieHoi Cast Iruu^-Koiindry I^raciice.— Wrought 
Iron —Indirect Production of Wrought Iron,— The Puddling Process.— Furlhor Treatment 
Of Wrought Iron.oCorroHiun of Iron and ^^ret>J. 

*' A MOST VALUABLE SUMMARY of knowledge relating to every in thod und atage 
• in the manofacture of cast and wrought iron . . rich in chemical details. . . , 

Exhaustivk and thoroughly up-to-date.”— i?idfrtoi of tjic Ajpencan Iron 
and Steel Association. • 

** This is A drliohtful book, giving, as it does, reliable information on a subject 
becoming every day more elaborate, ” — CoUierg dvardtan, ♦ • 

THOBOUOHLY USKFUL BOOK, wbicb brings the snbject up iB date. Of 
GBBAT valuk tosthose engaged in the iron thd-rntry.” — Min^fig Journal. 

For Professor 'rnnier'a Lccturra on Iroif Founding., see page 08. 

LONDON: CHARLES GRIFFiN & CO., LIMITED. EXETER STREET. ’sTRAWL 
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TenJTH Edi'HON. With Tables and Illustrations. Crown 8vo. 

^ Cloth, los. 6d. 

A - text-book" of ASSAYING: 

For the use of Students, Mine Managera, Aaeayera, do, 

Bv J, J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Ix:cturer to the Mining Association of, Cornwall. 

And C. BERINGER, RQ-S., 

|,<ate Chief Assayer to the Kio Tinto Copper Company, London, 

Gcnkral Contents. — Part I - Intkoductomv ; Manifui.ation * Sampling; 
Drying; Calculation ot Results - Lahoraiury-books and Reports. Methods: Dsy f'fruvt* 
metric; Wet Gravimetric - Volumetric Assays: Titrornetiic, Colorimetric, Gi^metiic— 
Weighing and Measuring — Keag nis — Formulae, Equations, &c.— Specific Gravity. 

Part I I.— Mr'tai-S : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
l^ad, Thallium, Rj^muth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganes< , Chromium, &c. —Earths, Alkalies 

Part III. —Non-Mktals : Oxygen and Oxides; The Halogens — Sulphur atiJ Sul- 
phates — Arsenic, Phosphorus, Nitrogen — Silicon, ^Carbon, Horun — Useful Tables. 

'*A RBALLV MRRiTORious WORK, that may be safely depended upon either for systematic 
instruction or for reference.” — Nature 

“This work is oiift of the best of .’ts kind.”- Engineer 

' KoruTii Kuition, AVwi.s/'ti. Handsome Cloth, With Numerous 
IllusircUions. (Is, 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author’s Practi«,al Laboratobt Course. 

By As, HUMBOLDT SEXTON, F.LC., F.O.S., 

Professor of Metallurgy in the Glasgow and West ot Scotland Technical College. 
GKNEBAL CONTENTS. — Introduction. — Froperties of the Metals. — CombostioD. 
— Fuels. “Refractory Materials. -Furnaces.— Occurrence of the Metals in Nature. — 
Preparation of tho Ore fur the Smelter. — Metallnrmcal PrOL^esses. — Iron. — Steel. — 
Copper. — Lead. — Zinc and Tin. — Silver. — Gold. — Mercury. Alloys. — Applications 
of 'ulkotrioitt to Metallurgy.— L aboratory ,Coijrsb. 

“ Jnat the kind of work for Students <h)Mmkncino the s^udy of Metal- 
Inr^or for Enoinkrkino Students.” — PravUcal Engineer, 

V- “Exobllkictlt got-up and wkll-arranoed .”— Trade Journal. 

In Largo Sfo. iiarnUumo Cloch. Pi ice 48. 

TABLES FOR 

QUAKTITATIVE HETALIURGICAL ANALYSIS. 

FOR LABORATORY USE. 

OIJ THE PRINCIPLE OF **GROUP'' SEPARATIONS, 

By JAMES MOB GAN, F.O.S., M.S.C.T. 

**TheAuthur iiiny bo I^oNUK.\TLTi.AThi> ou«Ahe way bia work has been carried ont”— 
Tht Blunter, 

“Will coMMKND TTSRLF highly in Laboratory Praotieo. Ita clbabmbs 8 and pebouiom 
mark the book^out as a highly useful o\ie."^ Mtning Joum-al. 

LONDON: CHARLES 6RIFFLN.& GO.. LIMITED, EtETER STREET, STRANU 



ELECT RO-MBTALLtAor, ETC. ' o *67 


Second Edition, Revised, Enlarged, and in part Re-wrilten. 
With Additional Sections on Modern Tukories ok Elect Aolysin 
• Costs, &c. Pr^ce|10s. 6d. , ^ 

A TREATISE ON 


ELECTRO-METALLURGY 


Ehnbraouig the ApplKatiou of Electrolysis to the Plating, Depositing, 
Smelting, and Reiining of various Metals, and to the Ropro> 
duction of Printing Surfacet# and Art-Work, &c. 


«v 

WALTER G. ]\PM1LLAK,« F,C.b., 

Secretary to the Institutum *‘f EUettieal Eiujmefit , ; late Leetuier tn Metallurgy 
at .V<ition (:t)llege, Itirmainham. ^ • 

With numerous Illustrations. Jjarge ('rowu 8\o. C'loth. 

A* This excellent ircatisti, . . . one of the best and most complete 

manuals hitherto published on Electro- Metallurgy .’’ — hlltctncAtl litvieto 
“ This work will be a .standaud.”— V ew’fWfr. ^ 

“Any metallurgical process which rkducks the (5r)ST of production 
must of necessity prove of grciat commercial importance. . . . We« 

recommend this manual to all who are interested m the puactical 
APPLICATION of electrolytic processes.” — Naturti. 


Second Edition, Thoroughly ICevised affd Enlarged. In large 8vo. 
With Numerous IlluBtration.''fand Three Folding* Plates, lils. iteL 

EIEOTRIO SMELTII& & REEirafr: 

A Practical Manual of^the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the “ Eaektro-Mktallukoie” of Dk. \V. BORCHKRS. 

Translated from the Latest (lernian Edition by WALTER (1. M'‘M1LLAN, 

^ F.I.C., F.U.S. * 

'' CONTENTS. 

Part I. — Alkalies and Alkaline Earth Mktal.s: Magnesium,,^ 
Lithium, Eeryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth MeUls. ^ 

Part II. —The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. ^ 

Part III. — The Heavy Metal.s: Copper, Silver, Cold, Zinc and Cad- 
mium, "Mercury, Tin, Lead, Bismuth, Antimony, (Chromium, M9lybdenum, 
Tungsten, Uranium, Maugn^esc, Iron, Nickel, and Cotialt, the Platinum 
Group. 

Comprehensive and authoritative . . . not only full of infor- 

mation, but gives evidence of a TUOROuaH insight into the techi^al value aod 
POSSIBILITIES of all the methods di8cu8Bed."»-'77i#> Klectrxeian. 

" Dr. BORCHEfcj’ WELL-KNOWN WORK , . ^ must OF '^ICESSITV BE AGVtUIREL by 
every one Interested In the subjeci . Excellently put Into English with additional 
matter by Mr. M»Millan."— A' aiure. 

Will be of GREAT SERVICE to the practical man and the Student." — EUctrie Smelting 

LONDON: CHARLES ORIFflN ft CO.. LIMITFJ):, EXETER STREET. STRANL 
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CHARLp^ifttiRFIN cfe QO:S PUBLICATIONS, 


In L'ir-:r> Libr^rn Style. BeuutifuUy lUvAtrated with SO Plai.e9t many 
' in Colours', and 94 Fiyurea in, the Text. £2, 28. net. 

FiiECIOUS STONES; 

Theip Proper ties. Occurrences, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 
^Cqlleotors and others interested in Gems. 

]]Y Dll. MAX BAUER, 

}*rufe88or in tlie University of Mafl)urg, ‘ 

Ticanslated hy L. .1. sy'KNCKR, M.A. (Cantab.), F.G.S. 

" I'he plutO" .ire remarkable for their beauty, »Ielica(*y, uiid truthfiilncss. A j^I-ince at 
tlu'in alone a lesRon on preeio;^ stones, whilst the perusal of the work itself stiould 
add II now interest to any easkcb'of Jewels or cabinet of gems, or even to a Jewellers’ 
window.” — Athenceuin. 

In Larye Crown Svo. With Numerous llluHtrationa, Ss, Gds 

Tbe Art of tbe GoMsmitb and Jevelier 

A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 

By THOS. B. W 1(1 ley, 

Headmaster of the .levi'cllers and Hilversnilths' Assoc. Tech. School, Birmingham. 

Assihthi) .my J. II. STANSBIE, B.Sc. (Lond.), F.I.O., 

Lecturer at the Blr»iingliaiu Afunlcipal ’i’eohnlcal School. 

UiCMKKAi., C»)NTioNTH. - Intiodiiction.- -The Ancient Goldsmith's Art. — Metalluigy of 
Gold.— J’riccs, *<•.— Alloys. .Melting, Koliingi'and Slitting Gold.— The workshop and 
Tools. -Wire Drawing. - Jtings. -- niahiH and Insignia. -Antique Jewellery and its 
Revival.— Ltruscan Work. -B kkiuop.^ STone.*<. -^G utting. — Polishing and Finishing.— 
i'hasing, Emhossing, and KepousHi'^ Work. — Colouring and Finishing.— Enaiiiclling — 
Engraving. — Moulding and Casting Griiamenfc .Ve.— Fluxes. Ac. — Jlecovery of the 
ProcioiiB Metals, llellning and Assaying. Gilding and Eieclro deposition. — Hall- 
Marking. — .Misccllaneoii.s - App<*ndiv, 


A ICxtra Crown Sro. With 48 llhottralion>i. 6fZ. net. 

LECTURES ON IRCN-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

)*rofessor of Metallnrgy in Mu* Ibiiversity of Uirminghami 
OONTKNW." Varieties of Iron and Steel.- .Ajipliration of L'ast Iron. — History.— Pro- 
duction. — Iron Ores. — ConipodMon. -The Bla^t Furnaee. — ^faterinls. — lleactions. — 
Grading Pig Iron. -- Carbon, Silh'on, .siilphiir, Phos])liorii8, M. iganesc, Alimiiiiium, 
Arsenic, Copper, and 'rit.iniuiii. The Foundry. - -Oeiioral Arrangement.— Re-iiielting 
Ca.st Iron. — The Cupola.- Fuel Ched. —Changes due to Ite-melting. — McAilds ana 
Moulding. —Foundry^ Ladles. - Ponring and Pouring Temperature.— Common Troubles. — 
liitlueiice of shape aiid Si/e on Strength of ( ’a stings. -^'I’ests. 

“ Iroufoiiiiders will Und mui-h inforiiialioii in the book.”— //•on Trade Circxtlar 
{lijfand’s). 4 

V 

In Medium Sco. IJawJaome ( ’Loth. Fully Illustrated. 

GENERAL'^ FOUNDRY PRACTICE: 

/ Practical Handbook for Iron, Steel and Braes Foundere, 

• Metallurgists, and Students of Metallurgy. 

By A. j»l'VVir.LIAM,hA.K.S.M., and RSKCV LONGMXJIB. 


fONDON^ CHARLES GRIFFIN ft GO., LIMITED. EXETER STREET, STRAND. 
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ThiLd Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

^ A SHORT MANUAL OP .. 

I^^ORGANIC CHEMISTRY. 

IJy A. DUPRE, Ph.D., F.R.S., 

Ani> WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical ,'^chool. 

“An kxA(Mplb or thb AovANTAcrs or thb Systematic Tkbatmbnt of u Science 
over the fragmentary style so generally followed. Bv a r.ONG wav thb bbst of the small 
Manuals for Students — Analyst. 


In Ha rids* in lo Clnth. With ucarly iiO IlluHtrations. Ss. 6 d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERIHG. 

Bv- J. (;K 0 SSMANN, M.A., Pii.U., F.l.C. • 

WITH \ «Y 

Smi william ’RAMSAY, K.C.IL, F.R.S. 

iJiiNTKNTS -'I'lu' lU-akiT Mid Its 'tV(‘hiiu‘»l Miiuivali'iits. -IMstilliiig Flasks, Liebig's 
Ooiidensers. Fructioiiatiiig 'i iibt-s aitd Mieir rccliniral Kiiuivnleiils. The Air-llatli and 
ts 'IVrliiilcal KiiuivjiluiitH 'llii* ISIowjuih* and (‘ru ' ' iiinl their Technical Equivalents. 
--The .steam lloiler and <dlirr of Tower iencral Kenmrks on the Apjilicatioii 

of Heat 111 (.'luMiiical Kn>riii('tM'irig. 'I'hr Funnel iid its Technical Equivalents.— The 
Mortiir and its Terhiinal Equivalents. Mea.suri g iiislruineiits and their Technical 
Eqiiiv.ileiits. -Mati iialn I'aed in Cheiuieal Eimiiie liig and their Moile of Api>lieatiou.- 
'leehiiKMl lle.sear<;h and the Designing of Tlaiit. — roiielu.sioii —Chemicals and Materials. 
- iNIiKX. 

“ Exeellent. . . . Every st iideiit of chemistry attending a technical Course should 

uhtaiii a ropy." - Cfirtmail iNVu'n. 


LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON. 

ProfoHBor of Metallurgy In thu (lliiHgow and West of Scotlanu Teobnloal Oolleg^ 

OUTLINES OF QU ANTIT ATI VE ’ AN ALYSIS. 

* FOR TUK ITHJS OF ST-U DENTS. • 

With llluBtrations. Fouuth Edition. Crown 8vo, Cloth, 3s. 

** A ooMPACT I^ABOUATOKY oulUB for beginners was wanted, and nhe want has 
been wai.i. hupplikh. . . A good and nsefhl book.” — Lancet. 

OUTLINES OF QUALITATIVE ANALYSTS. 

, FOR TUB USE OF STUDENTS. 

With lllustriitions. Fourth Edition, Revised. Crown 8vo, Cloth, Ss. 6d. 

** The work of a thoroughly practical chemist .” — BrUish Medical Journal. 

“ Compiled ,^ith great care, and will supply a want.”— Tiemmaf of Edvjcaiion. 

ELEMENTARY METALLURGY: 

Inolading the Author’s Practical Laboratory Course. 

[See p. 66. 
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OHEMiaTRT AND tMoHNOLOOT. 


7* 


“T))e aulhora bavo succkkdbo (tcjoDtl ail expectatloHB, auil have produced a^ork wblcli 
•hould give FRBSH fowkh to tlie Angineer and Manufacturer "-‘The Time*. ^ 

In Two V'qik., I^arge 8vo. With ^lli|stration8. Sold S^panttfly. 

CHEMISTRY FOR ENGINEETrS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK.’ 

• • IIV 

BERTRAM BLOUNT, F.I.C., A. G. BLOXAM, F.1.0. 

Y01L.U1MIE: I. Px*loe TOm» Bd. 

OHKMISTRY OF KNGINKEKTNrt, BUTLOTNG, AND 
METALLURGY. ^ • 

Oeneral Contents.— IIXTRODUCTIO^ Chemistry of the Chief Materials 
of Opnatructlon Sources of Energy Chemistry of Steam-ralslng— Chemis- 
try of Lubrication and Lubricants —Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

II. Pa*toe IBs. 

SgcoNU Kditiox, Thoroughly Kevised. Illu.strHted. 168. 

THE CHEMISTRY OP MANUFACTURING 
PROCESSES. 

Oeneral Contents. ~ Sulphuric Acid Manufacture — Alkali, kc. —Destructive 
Distillation —Artificial Manure— Petroleum— Lime and Cement— Clay and 
Glass — Sugar and Starch — Brewing and Distilling — Oils, Resins, and 
VamlBhes— Soap and Candles - Textiles and Bleikchlng - .Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard Pigments and 
Paints Leather, Glue, and S^-^e — Explosives and Matches — Minor 
Manufactures. 

“Ccrtaiuly a good u*«kki l huok, cuu^titutuig a ruAOncAi. duidk for HtuduntB by 
affording n clear com'uptiou of the nuiuerouH procenneH an u whole ." — Chemical Trade 
Journal. 


Second KIdition. In Large bvo. Handsome Cloth. With Six) i)age!s 
and 154 Illustrationb. 25s. net. 

OILC, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANpLES, SOAPS, AND OTHER PRODUCTS- 

Bv G. R. ALDER WRIGH P, D.Sc., F.R.S., 

Late Lecturer on ('hemistry. St. Marv’s HtApital Medical Schi/jl ; EAUmineT 
in “Soap" 10 ihcOity and Guild', of London Inslitiile. 

Thoroughly Revised, Enlarged, and in Part RewriWen 

Bv C. AINSWORTH MIT€ItI':LL, B.A., F.LC., F.C.S. 

"Will be found absolutely iiimsvKHsAU\,u.’’—Tke Analyst. 

‘Will rank as the Stanhand Enolish Autiiokitv ou 611.$ and Fats for many 
years to come." — Industries and Iren 

lOKDOH: CHARLES GRIFFIH & CO.. LIMITED., ^ETER STREET, -STRAND. 
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‘ OHARLBB QRIFFIN A CO*a FUBL10AT10N8. 


Fifth t^DiTioN, Thoroughly Kcvised, Greatly Enlarged aid- lie-written. 

With additional Tables, Plates, and lllustrationiji. 21 b. 

FOODS! 

THEIR COMPOSITION AND ANALYSIS. 

Hy a. WYN'nSR BLYTH, M.R.C.{5., F.IO., 

BarriKtor-at-Lfiw, Public Analyst for the County of Devon, and 
Medical OfQcer dr Health for St. Marylebone. 

And M. WYNTKU BLYTH, B.A., B.So., F.C.S. 

(jIknkral contents. — B istory of Adulteration. — Legislation. — Ap- 
par.iluM. — “ Ayh.” — Sugar. — Confectionery. — Honey. — Treacle. — Jaina 
and Preserved ‘Fruits.— Starches. — Whcalen- Flour. — Bread. — Oats. -• 
Barley. — Rye. — Rice. — M aiz6. — M illet. — Potatoes. — Peaa. — Lentils. — 
Beans. — Milk. — Cream. — Butter. — Oleo- Margarine. — Cheese. — LariJ... — 
Tea. — Coffee. — Cocoa and Chocolate. — AlCCUlOl. — Brandy. — Rum. — 
Whisky. — Gin. — ,A *Tack. — Liqueurs. — Absinthe. — Y east. — Beer. — W iiie. 
— Vinegar. — Lemon and Limo Juice. — Mustard. — Pepper. — Sweet and 
Bitter Almonds. — Annatto.— Olive Oil.— Water Analysis. — Appendix : 
Adulteration Acts, &c. 

■ 'dimply iNfn8PicNHAHi.K In tbo Analyst’s laboratory. ”—7V»f Lanrti. 

"A now edition of Air. Wyniei Hlyth’s Standard work, KNBiciikb with ali- th* bkoput 
blscovKMiKs ANii iMFKovKMkNi's, will be accepted as a boon.”— 


Foubth Edition", Thorougldy Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 

POISONS! 

THEIR EFFECTS AND DETECTION. 

•'* By A. WYNTER BLYTH, IVkR.O.S., F.I.C., F.O.S., 

* Barristnr-at-Iiaw, I’ublic Analyst for tho County of Devon, and 
Medical Ofllucr of Health for Nt. Alarylebone. 

GENERAL CONTENTS. 

I. — Historical lutroduc'^iou. 11. — Classitication — Statistics — Connection 
iietween Taxic Action and Chemical Composition — Life Tests — General 
M ethod pf Procedure — The Spectroscope — Examin^tio.., of Blood and Blood 
Stains. HI. — Poisonous Gases. IV. — Acids and Alkalies. V. — More 
or less W)latile Poisonous Substances. VI. — Alkaloids and Pbisonons 
Vegetable Principles. VH. — Poisons derive^, from Living or Dead Animal 
Substances. VIll. — The Oxalic Acid Group. IX. — Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

" Undoiibt^ily TBS uobtcomplbtb wo&k Toxicology lu ou laoKuaKe.'*— 7*Aa AmAUvttl (am 

tht Third KditiauJ. . « 

“ Ab a PRACTICAL GDloa WO know VO bbttbV work.”— 2 'Ac Lancet (on the Third EdiHm}. 

In the Third Edition, KulHrued and partly Re-wrltton, Nbw Analttical Mithods f«ve 
^n Introdnoeil, and the Oadavbric Alvaloidb. or Ptom mnrs, bodies playing so great a pat lu 
Vbod'potaoiilnr and in tho Manifestations of Disease, have received special attention. 

tONDON ; CHARLES GRIFF<R<A CO.. LIMITED. ^)(ETER STREET, STRAND. 
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CHEMISTRY JtHB TECHNOLOGY. 

‘Mr Itfa ' um^rous Tables, and 22 Illustrations. l 6 s. 

DAIRY CHEMISTRY 

JOB* DAIRY MANAGERS, CHEMISTS, AND ANALTS^TS 
A Practical Handbook for Dairy Chemists arid others 
having Control of Dairies. 

• By H. DROOP RICHMOND. F.I.C, 

CHUMIsr TO THH AYl.r>.l I’KV IIAIKY l OM)‘ANY 

Contents.-^. Introductory.— 'f hr ('onstiturnts of Milk. II. The Analysis of 
Milk III. Normal Milk its Adulterations Alterations, and their Detection. 
IV The Chemical' Control r>f tin* Dairy. V, H’oUnjic.il and Mmi. iy Matters. 
Vl, Butter. VII. Other Milk Piorliiets. VIII. I'he Milk or Mamin \ls other 
than the t'ow. — Appendiei*s. — raljl«‘s Imli'x. '■ 

"... In oiir upiiii'in i!.!* b» k J^ tl.i. nisi *.1%' i k-iih/i ion fs ihk siiHjKtT that 
HAS YKT AI'I'HAKFI) 111 lllC Kllgllsll 1 ' L-Ut , f ^ " 

/ 

FuHy llIuHtratcd. With Pliotoj^raphs of Various Breeds of Cattle, &-c. 

Os. vt(. 

MILK: ITS PRODUCTION & USES. 

With Chapteta on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

Dv EDVV'AI^D F. W I I. L ( ) D 0 U B V, 

M.lJ. (Loud.), I> IMI (l.oiid. and t'aiirb ), 

J.ftte Inspector of Farms and •mT:iI Sciciilifie Adviser t«» \Velf«>rd Jfnd Sons, Lid. 

“A Lcood iiivostiucut to those in I t niton •>tt*d "in driiryiinr. L\'*elleiilly hound ; 

print(!<i on |r()o<l pa]ier, and ^**11 illnstrateiL niniiim; to jiai,;es^Uie fiiiiLliabcr f^ets at 
the iinoc oi a novel a work hIiioIi viJJ Btaim ffood a." a work of refereiiec for some years 
to roriie ’’ Aijneuft iiazettf ^ ^ 

AW oonh;ill\ reroinineiid it to e\eiy*ne who has aiiytlnn^ at ali to do ailli milk.” - 
Jtairu Wot It] 

« 

In Cn.wn Sv<», |•'ully lllnstintcd. 2s, 6 i!. nel. 

THE LABOBATOBY BOOK OF 

. DAIRY ANALYSIS. • 

By H. droop RICHMOND, F.l.C., 

to the Ajl/'sliury iXory t‘o., J.lcl. 

.CoNTKNrs. C 'oinpo'^ilion of Milk and its Piodiicts. - \nalyMs ot Milk. — 
Analysis of Liquid Prodiui*.. — .Appl'catioo of Aiijysis to tin* Solutron of 
Problems. — 'Flie Ari.rly a*, of BuUit.- -Analysis of ( 'hce**-' . — laMos for Calcu- 
lation. — Standard .Solutions. — Indlx. ^ 

“ AVithont (h'lilit da, ln"'i < uiitrihuiioii to tlo- !iui. >,11110 ,! it', f i t’l.it h.as r \i.r iieen 
•yntitri .” — McJfal Timet. ^ 

• * 

lu Largo v#vo. Kaiidsome (doth. 

AGRICULTURAL CHEMISTRY AND ANAIsYSIS : * 

A PRACTICAL H/tNDBOOK FOR THE U^B SF AGRICULTURAL STUDENTS. 

By J. M. n. MUNRO,' D.Sc., F.I.C., F.C.S., 

Professor of ('beini*itr}, Downton (^olleKe of Agriculture. 

[In Preparation. 

LOHDON: CHARLES RRlFPINa GO., LIMITED, EXfTER STREET. 'STRAND, 
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GHARLJBS aSlFFlIf «fc CO.'S PUBLIGAflOXS, 


\ 

Grown 8vo, Hand&omc Cloth. Fully Illustrated, los. 6d. 

• FLESH FOODS: 

With Methods for their Ghemioal, Microscopical, and Bacterio* 
^ ^ logical Examination. 

A Practical Handbook for Medical Men, Analysts, Inspectors and others. 
By C., AINSWORTH .MITCHELL, ' B. A., K.C.S., 

Mtmljcr of CovBcil, Society of Public Aniilyrts. 

With Numerous Tahlas, lUuHtraiions, and a Coloured Platt. 
Contents.;- Structure iwid Chemical Composition of Muscular Fibie. — of 
Connective Tissue, and lilood.- 'Fhe Flesh of Different Animals.- -The Examina- 
tion of Flesh.*--\Tethods of Examining Animal F.it. — 'I'he Preservation of Flesh, 
— Compo.sition Yind Aniilysis of .S.\usagcs. — Pioteids of Flesh.™ Meat Ex{j»-acts and 
Flesh l*eptones. —'riie Cooking of Flesly- - Poisonous Flesh. — The Animal Para- 
sites of Flesh.- -The Bacteriological Examination of Flesh. — The Extraction- and 
Separation of Ptomaines. — Index. 

rtinrul: wl^chviill \t\Kf\'' -Atfunaum. 

look i NO ONI 1 supply CAN AKFOKUjTO BB 

W1 ITIOUT ' —Muntn/iil 'Ju, 


In Large Svo. llandHoiiic Cloth. With nuiiicrmiR Illustrations. 

Each Volume CtmipU-le in and Sold "ieparaUdy. 

T E c'h NICAL MYCOL O G Y : 

The Utilisation of ISicio-organisnls in the Arts and Manufactures. 
• By Dk. FRAN.Z LA FAR, 

Prof, (if ForuK-ntHtKUi'PliyHioloKy Hiut I)Act 4 >ri«ilo|;y lu tho Technic, 'll Jli^'h School, Victin.i 

Willi nil InlriHluotioii hy Du. KMfL CUR IIANSKN, Principal of the (Jarlshcvg 
halMiiMtoi y, LViiiciihageii 

'I’KiVNSl.ATKl) li\ CHARLES T. C. SAL'l’ER. 

Vol. 1. -SCHIZONYCBTIC FERMENTATION. 15s. 

Vo^. II., Part I.-EUMYCETIC FERMENTATION. 7s. 6d. 

“The flrat work of tin* kind which can lay claim to complotoiR'HN \n the treatment of 
«*fascinntlnf( subject. The plan Ih adniirnblo. the cla.sBifieaUou ninipio, the .style is good, 
and the tendency of the whole volume ia to convey sure Informutlun to the reader.”— 
Lancet. 

Crown vSvo, Ifaiidsomo Cloth. W’irli I hag 7s. (id. net. 

[Companion Voiunw 1o “ FERMENTS/' by the same Author.] 

TOX^INES AND ANTITOXINES. 

By'oAIM, OIM’KNHKIM'EU. Fh.D., xM.l)., 

,, Of lilt' Pli.\siolo£»icaI Iiibtilutc at Erlangen, 

i* TiiVN.s1,ATI!.I> from the (1eum.\n’ IIY 

C. AlNSWOllTlI .VrXC^IlKLL, B.A., F.I.O., F.C.S. 

W^ith Notes, and Addition'- by the Anllior, snu.c the pnhlieatioii of the German Edition. 

“For^ wealth of detail, wc have no ‘>in.ill wm-k on '!< 1x11108 which equals the one 
under review ” Stcdiral Tinten. 

LONDON : CHARLES GifllTiN & GO., LIMITEO.'EXETER STREET. STRAND 
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In CroiiY^ 8vo, Handsome Cloth. Price 78. 6d. net. 

FERMENTS 

Avijy mxEsxR jH.c’rxoRft. 

A Text-book on the Chemistry and Ph^i<^ of Fermentative •Chants, 
P»ek' CARL OPPENHEIMEK, Pii. D., M. D.. 

*0r the Ph> Bio'ojrical Institute It KrhtUK' ii 


Translated fpdm the German rv 

C. AIX.SWORTII Jim ilKIX, 15 A., IM.tf.. 'K.G.S. 

AHK1i>(;k[i contents.— I ntrinluciion -IVthiition ('hcinir/li Naitnri* of Kmneuts. — 
Tntiueiu'f of internal Fiictors#— Mtide of AgHou — Ai tioii.-- SetTetiou. — 

Importance of FornieiitB to Vitiil inion IVotriilyik* l•VI■nu•nt8. 'ri> pslii.— RHcteiloIyt.ic 
and Hniiiiolytie F«jrnuMits. — \ enetalile Konm-nis. CoaK'nlsxtin^; Kennetit** ‘^'iccharifyiiiR 
FeriiuMits. — Diastases. — rolysacchariiios. — IhiAyiiief* — heriumt.'. wJuvi* <?<. .impose 
(Jlucosides.— Hydrol> tic Ferments - l.aeiio Aeul leiinetitation. -Alcoh. M. i'eimeutn- 
tion. —Biology of .Alcoholic Ferniental ion iKydases Dfidisinx' Fenneiit.i ’ m -Blhli- 
OBraphy.-lMiKX. • 

Such jl \eMtnl)le inultt.jn in h in \ct apre ircil " — Hi i net * Jti0i riaf 

'riintD Kdition. In JlamUi>eic ( 'loili. IlluHtraf ccl. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTKK J. STICKS. 


Beviskd by ARTHUR R. LING, F.I.C., K.C^.S., 

Editor of tiie.loiirnal of the Jiistitiitc of Brcvxinit. 


In Crown 8 v<». If.iiulHoinu CJoth. • 

A PRACTICAL LABORATOR'iT HANDBOOK ON 

THE BACTERIOLOGY OF BREWING. 

Bv AVALTKB.A. KILKV, I'.U.ST * 

MtKiiMiKi) (‘oNTKVT> l.jilioi.iioi \ l;J.ut<l>iook .mil Apparat US -- iJisatioii. — 
Nutritive Li<inid''. - Miiio^copc B4*a'.'fut‘*. Ac. Mi iliinls of \iial>''i‘i - I'lactical 
Alethods, incluiling tlio W'V of “ Li t ItanoiiivK s," rider ami Wine Fcuiiciitalions— 
Determining; Ilace.s of Vcai!^, «Vi . iM.ictual Noich on N'ea^t. 


• • In active FliiM-.AL.vrioN. Ill t;ro\\i^ hvo. Ilaiulswiiic Cloth. FnID lllii-,li ared. ^ 

PEAT:: Its Use and Manufacture. 

Bv PHILIP R, J 3 J 0 RL 1 X<L Consulting Hydraulic Kn^'ineer, 

. And PUKDKRICK T. tilSSlNG. 

• 

AliKllx.KD CONTBNT'J ■ liil r•Hlu^t lou The Forimtuiii of Pcjit»-Ai«M .iimI Depth of P ■i'-' in 
Principal Couutiio>) Manuirielure of Peit I'liel, \r - rut Pi-.-U, Dii‘i1;ff<| Pc.it, .oel Maiinl.i.iuied 
Peat — Machinery cnipi/»ved in tlic MaiuiffieiMreot PiMt Fiwl Fe.il. Mo -,‘1 l.iilci, .oiil the M.o hinery 
einployrdin its MHiiut.aetiire Pe.ct rh.iiro.d anil lU M.niufattaie -«'o,i, ol iii.ikMivr P* at yiel .-iiid 
Cliarcoal. — other Prodiir tiiuis diTMcd liinii J’cat. siicli .is Tar, M.iniiie. r.iii'll<-s, Ojerf, Puper, dic. 

— IlmLim.iiAVjn — ^ 

In Crown Svo. Ilaiidsonie L'Jolli. Witli ;Jo llliistr.itioii<«. fis nell! 

THE CLAYWORKER’S HANDBOOK. , 

An Epitome of the Materials and Methods employed in Brichniaking at^ Pottery. 

By the Author of “THE CllEMISTIVV OF CLAYWfmKINO,” S'". 

GBNRBA.L CoMTsaNTS.— Materials used in OlayvorkiiiK , Clayx, EJfeobes, Cllazcs. ^’olours, 
Water, Fuel, Oila, and Lui>ncant«».— The PrepaiaTion of the Clay, Miniin; and Quanyiiiff. 
Weathering. Waahinir, flrlndinir. Tcnippiin;;, ami Pnpdiig.— Macldnery ; Boilcm, Knginea, General 
Machinery, Sieves, Mixing Maclilnery, Prcbsos, A:e._liryers anfl Drying — EuiroWng anrl Gkazing. 
—fitting or Charging, Transport.— Kilns —Firing.— Dlscliarging, Sorting, and Paekiiif.— Defects 
and Waste.— Tests, Analysis and Control — Binuo .aArav.— T ablrs.-I.ndk.x. 

I' We can thor oughly reroin mei ny,l ]i^ h andy little bo o k.' —J^rlgji cnd PoUeri t Traften' J o ui mi. 

lOMDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



7(f OITARLElS f/Illh'iy A GO.’S PlT/iUCA TfONS. 

t Second Kuitujn, Revised and Rnlakoed. 

With T^les, Illustrations in the Text, and 37 Lithographic Plates. Medium 
8vo. Handsome Cloth. 30s. 

SEWAGE DfgPOSAL WORKS: 

A Guide to the Construction of Works for the Pi^evention of tho 
PolJutlpn by Sewagre of Rivers and Estuaries. 

Bv W. SANTO CRIMP, M.Inst.CK, F.G..S.. 

7<ate Assistant-Engineer, London County Council 
*' Probab\v the most complktk and nttsTTRRATJSlc on She subject whiAi has appeared 
in our language ~ Kdinhurgh Medicdl Journal. 

a 

IJeautiJuH^ JllttsfrafrU^ with Xurnerou-H IHatPs, Dia(jra.ms, and 
' FUjuren in the Text. 21s. net. 

TRADES’ WASTE; 

ITS TREATMENT AnB UTILISATION. 

A Handbook for Borough Engineers, Surveyors. Architects, and Analysts. 
By W.uNAYL<) 1 {, K.O.8., A . M . Inst.C. E., 

(MiU'f lits|i(M toi of Itihhlc Joint (Juiiiiiuttf'i'. 

(JoNTKNTS.- I. Iiilioilui'lioii. 11. t'lioiiueal lOiigitioi'i mg. - T1 f. -Wool l>u-greaslng 
ftiiilCireaflu Kurovery.- IV 'h xtiU* hulustties; falico IMuaeiiiug and Dyeing.- V. Dyeing 
and ('aII('o-l*i'iiiting - VI. Tuiiiimg and l•V•Wln^ugul•y. VII, Brewery and DiRtillery 
Waste. -VIII. raiiur .Mill Kt'f use T.\. t.eniTal I'lMdes’ Waste.— INDKX. 

" I hero Ih prolmhlv no u^rsoo in Ktigliiint to-d.i\ hoitnr Mtte.l to doiil ratlunnlly with 
such I, vuh|ci*t Siihifii’ iitn 


111 llaiulhinie C'lulli. Wit); .')!! lllustnitiouM. (>s. not. 

STMtOKC: ABAT'EIMEENT'. 

A Mnnim! for thr Use of Manufacturers, Inspectors, Medical Officers' of 
Health, Enyinecrt. and Others. 

By WILLIAIM NKMIOLSON, 

riiief .*^1110110 lusiMictor D> the .Shellkdd Corporation 
, < 'oNTK.NT.s. lutroiliietiiiii. - General Legislation ;ig!nns^. the Smoke Niii.canee. - 

Loeal Legislaliou Korean I a\vs.--.siiu»ke Xha^'meiil Smoke from Did toi.>i, Kiimacv*^ 
and Kill rf. — rri\ato Dwelling- 1 1 oii^-e .Smoke. I'liiiune.ts and llieir ('o!i'*trurtion. -- 
Smoke JTevenlern and Km l Saver'^ Wii'.le iJ.ises Ironi Metalliir rteal Ktirriaces — 
SunMuar> ami < 'om Imskmis. ImiIA. 

welioine -Ill'll ail iii1ei|U.ite statement on an imiioitaiit siilijeet " - Z*r/M.s'/f 
Mi'ihvnI .00/ f»f// 

* 

bil'iDMJ I'Jul M».\. Ill Mfdiinn 8vi) 'riuiinuolil\ Kc\ isod and l\L‘-\Vritlen. 

• ' 15s. net 

CALCAREOUS CEMENTS; 

THE/B EAWEE, PEEPAE/Km, AED USES. 

* 'W'itlm Remarks* maisoa-A Cexnen.^; 

By GILBERT' R. REDGRAVE, A-^soc. Inst. C.E., 

Sccicl'iy for 'reclifology, Hoard of Education, South Kensington, 

And CHARLKS'SBACKxMAN, F.CS, 

“We can tho'-oiiglilv rei iininriid ii .is .1 first iiivcstiiicut."— /’.vnVnvr/ /’'/tgrnoer. 

lONDOK: CHARLES GRIFFIN & no.. LIMITED, EXETER STREET, 8T»AND. 
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-yr- 

With Four Eoldiug Plates and Numerous Illustrations. Large 8vo. 

* Ss. 6d. net. , 

WArrSR SUPPlLilT:, 

A Practical Treatise on the Selection of Sources and the Distribution of Water. 

By KEGINALlf F, MIDDLETON, M#lNi^r.C.K., M.Tn.st.Mkcu.K, jF.S.I. 

AnftlDOED Contents. --I ntrotliu'lory ‘ -RequiremciiU as to Qiiality.-^RequiroiDenU 
as lo Quantity.— SUinige HesiT\‘iii-s. -Piiritlcat ion. -Service Jleservoira. — The Flow 
of Water throuKli Pipes. -- Distributing Systems. — Pumping Miicliines. — Si>ecial 
Re<iuirements. , 

A.s^ cornpuulou for the student, .iml a eunstaiit referenre for tlie Todiniral man, we 
anticipate it will take an iinportnnt po«<itw>ti «>n flu* h(M>kshief.’ Practical Kngiiveer. 
m » 

a * 

In Lari:e Crown .Svo. Fully llhisVated. In Two Voinmns. 

Volume 1. Fourth Edition. Price 7&. 6d. net. 

• • II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

GAS RHAI^.UFACT'tFRE: f 

A and- Book on the Production, Purification, and Testing of tHuniinating 
Gas, and the Assay of the Bye-Products of 0ns Manufacture. 

Hv W. J. ATKINSON HUTTKKFIKLl), .M.A.? K. F.C.S., 

Formerly Head Clieiiilrit. Oaw Works, lUnkiitii, London. K 
“ 'J'he BEST woiiK of it.*^ kind which wre ha^e ever had the pletiHure of re-* 
viewing,”— ./o?/7vm/ of doM Lufhtinu. 

vVith Diagraiii't and 1 lliistiaticui.s o.>. net. 

ACETYUISNE:* 

THE PRINCIPLES OP ITS GENERATIQN AND USE. 

«v R ir. i.Kfcn.s, l^\l.a, rcs., 

Meniljti of the SoeiotN <d Puldli m.o «»t the A< <'f.\ loni* 

.Am> W J. ATKINSOX lll,'TTEi:KIKLf>. .\1.A., IM C , F.C.S., 

Conhiiltiiii; , \iitli<»i of “ Tin (']ioiiiinli,\ C.m M-iimfre I me.” 

'• r>j iTiiful of iiifm inatioii. ' clu’/ti Tiit-h' J.,in nof 

.nil ihoumxldy oiiiiiif lid tlie L'’oU to the in.iiMif.u liiit i .i>- a leli.dde work 
of refer# iieo. to iln- u'.ei .■i'. 'U|#|ilMiig vaiii.'ihle hint’' on ;j|.p.ii.ii.ii'-- anil metlioil.s of 
priJu-ediMi .iii'i to till' Vfii'h III .1 1 - .iiid 1 1 1 t.iiii -.meie j.-. /ofi'i.. ^ _ 


^Large ^\o. iliiudaoiiie Cloth. Price IGa. not. 

,FIR^ AND EXPLOSION RISKS: 

A Handbook of the DctP.ctinn, Investigation, and Prcurirmnn of Fires and Exf)h”<ions. 

Dv Dk. von sen waltz. 

Translated from the Be vised Cerniitn Edition 

By C. T. C. SALTEU. ^ • 

ABBKUmEh liKNEKAL (M.NTK.NT|!. - Fires .aiul Explosions of a fJeneral Ch.ir.n ler — 
Dangers arisiiig’from Sources of laght and Ift-al. - Daiiguioiis roisea.- Kifeks .^itcuding 
Special Industries. — Materials Employed. AgriciilliiraL ITodiicta. ~ J?'at.s, Dlls, avi 
itefiina.- Mineral Oils ami 1 ar.— .Meohol, «\ic. —Metal'', Oxides, Acids, — Lightning 
Ignition tpphances, Fireworks. « 

“ The work .'fiords a wealtii of inform^tioir on the cliciifistiy of lire and kindred . 
topics .” — Fire and W/tter. 

A complete and useful survi y of a subject of whle interest end vital iniiioi lance.”— 
Oil and Coloarman's Journal. » 


LONDON; CHARLES GRIfFM & CO.. IIMITED. EXETER STREET. STRAND. 



7S^ ^ QBARhSa QRlFtlN A 00.*S PUBLWATIQNB. 

Thirti?rn'i ji Kuition, Thoioui»h]y Kevihcd. 'Ihe Appendix on Sanitary 
being Knlirely ke-VVritten for tliis K«lilion. Price 6s. 

PRACTICAL- SANITATION : 

4 HAND-BOOK FOR SAN4TARY INSPECTORS AND OTH'ERS 
INTERESTED IN SANITATION, 

By GfiORGE REID, M.D., D.P.H., 

FgtloiVt Mfnt. CoMHcit^ and h.xatMmr, Santiarv Institute of Great Britain, 
ami Medical Officer to the Staffbrdikire CoLnty Council. • 

tidlitb an Bppenoix on Sanitate Xaw. 

By HER15KRT MANLEY, M.A., M.B., Ui'.H., 

Medical Officer of Health for tho County Borough of IVest Bromwich. 

OitN'RHAL ('oNivNis 1 lit nxiiit t luti . VV.it# r ; I^iinkiii" Water, I'oilutian of 

Water. -Vniiil.iti'iii .mil W.iriiiiii;; I’nin.iiiU -. uf Sr\\.i. 4 f ki'niov.ii. I let.iil ^ nf I )rain.'i;;e ; 
kefiisc Keninval Till' I Iisjiii^..!!. S.'uiil.ii y ami Insinit.uv Work and Ajipliaiirev. -I>eiail!. of 
I’liiftiliers* Will k. Iliiiisf ( 'oiistriictioii. Infiilion and DiMrifcrlioii. I’ood, Inspe^ioii of; 
( .'liar:n;tcnstiLs Ilf tlood Ml. it. .Meat, .Milk, I'isJ. iKn., iinflt for IliiniAii Food. Appendix: 
.Sanitaiy Law ; .Model live- Laws., c . 

A \ I R V O'- IIM'I Han . uiIIi .1 \I IV iim rill A|i|>i Milts Wi r- nil It not Iinly tn .S \N1 1 ARV 

iNsl-i MuRs, l.inti, Hnl, , ■ '-S.tpufary 

Tn 1 IiiibImiiiu- C'1< Wii'n lllustr.'ilions Od. iicl. 

LESSONS ON SANITATION. 

liy JOHN WM. HARRLSON, M.K.San.I., 

iMcni I tool . .A^% 0 ( . Mtiii. and (’oiiiity Kiu'ineers .Suiveyor, W'oinbwoll, \itiks. 

CoNii-Ms Walter .Supjily. -Vcim.ation. - Di.un.i^e — .Sanitary nuildinj; ConHiucttoii. — 
InffLliuiis I dsiMsca.-- Food Inspertioii. — Jliiticsoraii Inspector of Nuisances and Common 
Lod^in^;- 1 louses. —Infecf lints Diseases Aits. Lai lory ;md WVnkshop Acts. — Housing of 
ihcWorking-Classcs At I. --Shop Hours Acts — Sale of Fond and Drugs Acts.— The Mar- 
garine .Sale of florsidlesli, Mr., Rivers Po|liition. — C.tii.d llo.iis Act.— Disea'ies of 

Animals. — Dairies, (.'nw sheds .nul Milkshops Order.- .Model Dye-Laws. — iMisccllaneoiis. — 
Index. ^ 

“Accurate, roli.ihle, and <unipile<( with com iseness ,md * tcrc.*' - -Sanitarv J\ec>'rd. 


Skconu Edition, kevisod. In Crown 8vo. lland.somc Cloth. Profusely 
Illustrated. S.s. Cxi. net. 

SANITARY ENGINEERING; 

“ A Practical Manual of Town Drainage and Sewage and Refuse Disposal, 

For Sanitary Authorltlea, Enflrineers, Inopeotoro, Arohltoot8» 
oontraotora, Mid Students. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; I.\tc Borough Engineer, Ilacup, r,ancs. 

' , ^ GENERAL CONTENTS. 

Introduction.— 'Hydr.uilics.— Velocity of Water in Pi|nrs.— Earth Pressures and Retaining 
Walls. — Powers. — House Draimage. - Land Drainage. — Sewers. —Separate System. — Sewage 
Pumping. —Sevwr Ventilation.— Drainage Areas. -Sewers, Manholes, &c.- Trade Refuse.— 
Sewage Di'«po».d Works. Bacterial 'rrcatmeiit. — Sludge Disposal. — Construction and 
Cleansing oI Sewers.— Refuse Disposal.-^ ^'hKnneys and Foundations. 

** volurne bristles w-lth in/^irni.iti>'>n ivliirh will h.#greeilily rr.t(l by those in need assistance. The 
tMMk isone that ought m bo .m the b mk'.heiv.". -if nv-KRv I'RArTiCAL iiNGINKER. '—Sanitary yournat. 

••A VRRlTAnr.B P')CKH r CDMi’i-nijhjm of Sanitary Engineering. ... A work which tnay. In 
many respMjb. be considered .IS ciiMi-Lin r. . . commkndsbli cautious . . . intkrbsting 

. . . — Putin Hftilh Fninnefr 


lONDOM: CHARLES GRIFFIN.* CO., LIMITED. EXETER STREET, STRAND. 
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VoL. I. Now Ready. In Half naoRocco, 24s. net. 

t 

7 wo VoiHmt‘S^ each ^complete in itself, . ^ 

PHySIc 6 -CHEMl(>AL TABlfeS 


FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 

* MANUFACTURERS AND SCJENTIFIO CHEMISTS. 

Volume I. — Chemical Engineering, pfc^sical Chemistry. • 

Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

Bv JOHN CASTKLL-r:VANS, F.C.S., 

Su(ieriiitcn(U‘nt of ilic I lu-iDira) L.il>«*r iio i s, iml Itciimi i-n Imunajiff Chfini^lrv .'iiiil 

# M*-f ;! I f li'ihiiiv il (, i 

Tiie 'I'.ibles may alni'i^l lI.i hi to lu* • Uii; anil > iiiIi<m!\ .tiul t ll.itu all tin* most 

rcc*it (lata cstabli‘«h''fl b\ e iiiah't-. at In;”'.' un’ .if-iiail I'lic %(i1umh’‘* will be 

fouiiiJ invaluable to all eiipa^otl in u'm luii .uu' <*\ik rnnenlal iiiv»;-*lii;aUun in t. lii'ini liv ami 
Physics. • • 

Jhe Work comprebends as f.ii as possible ai i kui hs anii tablks rctiuired liy the 
Analyst, Brewer, Distiller, Acid- and Alk.ili-M.innfaciurer, etc., •'tc. , and also ibc pnn * 
cip.al d.'ita in ThkkmO'Chkmistkv, Kli'CTko-Cjii'Mistkv, and the various braiicbe.s of 
Chbmical Physics. Every possible r.irc h.is been t,iko:i to ensure perfect arcinacy, .irid 
to include the results of the most receiii iiivesiiKaiioiis. 


Skooni) Edii’Ion. In Lartje Handsmne Cloth. IhnutifuUy 

llluHtr titl'd. With /'lattes and rnjHn h in fh* l\xt. 

Road Making and Maintenance! 

A fbacticaL treatise fob enoieeebs, 

StllfVEYOBS, AND OTHERS. .. 

With an Historical Skkt(;ji of Anciknt and Modkrn Practick. 

. By THOS. AITKEN, Assoc. M.Tnst.O.E., 

Member of the Associatfon of Municipal aud C'ounty Eukiuiwi; Mumber of the Sa'iitary 
lust.; Surveyor to the County Council of Fife Cupar Division. 

W/r// NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. ** 

• UoNTKNTs. — Historical Sketch. — lle.siatance of Traction. — Lading out 
New Roads. — Earthworks, Drainage, aud Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage.— Koad- 
Rolling and Scarifying. — The Construction of New, and the Maintenance" 
of existing Roads. — Carriage Ways ancLFoot Ways. 

“ ITifl Literary fltyte is BXCKI.LBNT. . . . A cni^PRiiHR!i.sivjc ami b.V*obi.lbnt Mo<Ieni Book, an 
VP'TO-datb work. . . . Should be on tlio reference sholf of every ^Municipal and County 
Enfdneer or tiiwcyor in the United KlnK'loiri, and of every Colonial EiiKinecr.” The Surveyor. 

. % . . 

ISNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET,.^TRAN(I. 
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OHARLKS ORIPFIN dk CO.’S PUBLtCA'JVONS. 

C • 

C , . 

FouKii’i EiH'i'iON, Revised and Eiilar|;ed, Wiih lllustr^ions. 12s. 6d. 

Psiiutsps^ 

colours, Oi|s>, & Vat'iiishes: 

A PRACTIGAl. BIAmJAli. 

J}v GKORGK II. HURST, F.C.S., 

Meiriljcr nf ilic So*.iciv ofi'JheiTiical Iiulustrv ; Lecturer on the Tochnology of Painters' 
Ojioiirs, Oils, and Varnishes, thi Municipal Technic* School, Mancl;'‘Ster. 

Gknkkas. f:oNTKNTs.— Introdit:tory— T he Composition, Manufacture, 
Assay, and Analysis of Pkiments, White, Red, Yellow and Oi'tnere, Green, 
Blue, Brown, and Hlack--I..AKKS — Colour and Paint Machinery — Paint V»»hiclo8 
(Oils, Turpentine, &c., &c.) — Diiers — V aknishr.s. 

“ A TIIOKOUC..IH.V I’Hactical'IjooIc, . . . the oni.v English work that satisfactorily 

treats of the iiininifacturu of oils, (.oluiiis, and pigments."-- C/irwfVrt/ Trades^ Jouynai 

Kok Mr. ^Iurst’s (iARvtKsr Dykim; and Cleaning, see i>. S4. 

i. 

In Crown Svo. Handsome (Jloth. With Illiistrati^is. 5s. 

THE PAINTER’S LABORATORY GUIDE. 

A Student’s Handbook of Paints, Colours, and Varnishes. 

By GEOKCK II. HURST, P.C.S., M.S.C.I. 

AnsTKAiT OK CoNTKNTs. 1^1 eparatioii of Pigment Colours. — Chemical Primiples 
Involved. Oils .iml V'.irnishes. - Piuperties of Oiis .ind Vainishes. Tests .iml Experiments. 
— Pl.iiils, Lf.iiul iM.ichiiieiy of the Paint .in«l Varnish M.inn fact arcs. 

/V;/v //as l'£pn t/psi^utui hv //ii'K\ /tt//or /or i/tr Lahnratorv of t/ie Ti'c/tnicnl Sc/too f and 

of t//e Paint and t'olour tl^of/'S, and /or ail tntorrsird or en^ag;ed in t/urse industries. 

“ 'Plus c'\< ( Ilciit h.iiidh<i<ik. . . . ilir moiifl *if wh.il a hniulhook should he 

( olo/if I, a^d I'h ysa Henries. 

Tiiiun Edition, Rt'vised. In Crown 8\; i. extra. With Numerous lllustra- 
tiona niid i^latoa (aonw: in Coloiiis), including Original Deaigna 128 . 6d. 

Painting and Decorating: 

. / Comphnp Practical JllanoAil for House 
Paiuter/f ami Jlccorators. « 

By VVALTEK JOHN PExVllCE, 

r.KriCIIPK AT TUP MANCIIh .Thil TKi H.MCAI. Ht'IIOUl KOK IH ifHI-.-IMINTINd AM H. IlKCoK \TINO ' 

dENERAL CONTENTS. 

liitroi^uctioii - Workshop and Sti>rfs —Plant and Ajip^’ancos — lirushes and 
Took*— AlutcrialM : PignienK Driers. Paiiitern’ Oils— Wall Hangings -Paper 
Hanging Colour Mixing Disteinpering Plain Painting-- Staining . Varnish 
and Variiisihing linitatite Painting — Graining — Marbling — Gilding -Wign- 
Writing and Lettering — 1 lecoration : Genera^ Principles — Decoration in Dis- 
temper-Painted Decorntion - Relieto Decoration — Colour — Measuring and 
' Estimatiiig-^^fJoach-Paiutiiig — Ship- Painting. 

“A Tiiohouoiii.Y rsi Fin. iiook . . tiooi), s'iunt), practical infor- 

mation in a ci.KAK aiirl t i>NoisK'»f>iiM.” niniiin r ana Decora^r. 

“A THOROUGHLY GOOD AND KKl.l.lULK TEXT -BOOK. . . . So FULL AUd 

COMPLETE that it would he diti'ictdt to imagine how anything further could be 
added aboi^t the I’ainter’s craft.” — Guilders' Journal. 

LOI^fN; CHARLES GlilFFIN & CO.. LIMITED.* EXETER STREET, STRAND, 
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Slcom> EiArzcl'N. In Large Svo. Handsome Cloili. With 4 TlaTes 
* and Several Illustraiions. i6s. net. « 

TINS CHEMISTRY OF INDIA RURBER. 

A Treatise#)!! Ahe Nature of India-Rubber, its Chemioaljand 
- Physical I xaminatlon, ann tne Determination andi 
Valuation of India Rub|)6r Substitutes. 

Including the Outlines of a Tlii'ory on Vulcanisation. 

By carl otto WEH.KR, 

“ Rrjjlete wirh scientific ;«ijd alvij v\ii.ri tei.hni<.|iJ intcrn-sl • . . 'l*hc ••<•1 n -i f.ii nliysual 
propertirs complelt- yesu^t of cvi.iy thing Ln-An ..ii tJi- snbjei 

In Large ("rown iSvii. l-ullj* llIll'^tlalod. 5^. net 

Gx^UES, GESiLi^rr'iNE:, 

AND THEIR ALLIED PRODUCT^. 

A Pitutical Handbook fur the Manufacturer, AdneuHunst, and S^jA’nt of !• ehnoloqy, 

• By THOMJiS I, A \r B K R I', 

^ An il) ti< .il an<i 1 c. ! iin .il ( lit 

» ON 1 I N- m. - IlRiorit iL ( .1 i 1 . tFi A i INI --"^i/t and I-.ii^l.i-s 'I'lO. >11111 nt Kllhi- 

ciiin ).r> (iiiccil in ( iliie .iiiil 1 '<« l.ittiu* Makin,::. - iai|iiul iti.l otln'i filing. ( ■«;ini ui"^, >\i list's 
of Cilnc ami tlel.unit*. kosnm il PumIucIs An.ijysis of U.ivv imT il 1 ’ioiIiuIn - 

Arn Miix. Iniikx 

A siifliciViil ac uml <f moiltiii inelhods t»f noi king, t hn ily fnnn a Jii.iiIb.i! i iiwlpuiiiif 
A 'jook , . . of H'.il \.iliii ” ( ’/r.'W//rrt/ AV710. 


In Medium 8vo, IlandMime Clotli. Pully Illu'sh.iteil. l2^.,(n^. ml. 

PAPER TECHNOLOGY; 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PA PER MAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others 
l:v K. W. SIXDALL, I'.C.S. 

IiUiioliK ’1-»I 1 1 clti.f >1 I >illi. iihi> ^ ultlinirt.i Is ig P.i|iri". - 

l''«>p iilf. ''•.r 11 A , Noics II. r.t ttiiig Wii.d Pulp W’lHi-! I'mIji l’•pll‘.. — P.u i wu; I’apr i , 
“An" Pipfr’N I lie Plu sic.il (Jualiiit ^ of Paper. 1 hi* 1. Ik. mn .il ( 'onslilin Ill^ of P.oifi 
--'1710- Micioscopc. - Fll'ious JMatPnals u-ed iii Piper ■ in.ikuig -Aiialv’sis of tif 

Pai>cr Tht C. H S. Units. -Celhil*st* and its lleiiv.itives^ — Jlislor\, I hronoi'i ;y, •ui-l 
Slall^t■c J >ii:tioiiary of f hrniical T'criiis. OlosSiry - (’ily and ^,>ii''si ion 

I MIH \ • 

“ L''’ t'etl:iul\ iii'init livt' . . jut.fii-oly ill 1 >i uetl ’ 1 '^^'*" 

Joiiriiai. 

• 

In L.iigc Svo. ] Luidsonu Cloth. M ilh I’l-iics atpl Mlustrniion 7‘. r»fl. iii-i. 

THE MANUFACTURE OF INK. 

A Handbook of the Ptoduction and Pro fjct this of Prir^ing, 
Writing, and Cnpginq inks. 

Bv C. A. MITCilLLl., B.A., I-.I.C, K.C..S., X T. ('. HKI'WOkTlJ. 

UkM'KAL CoNTliNTs. -HlStOrlcal.— I nks .'Hid ihoi'r Maiiiif.iciiirt:. - Wltlnjf Inki. - 
Cirlv'ii .iml (Jn rbon.iccous Inks -Tannin Mali-ii.iU for Ink. N.itiire of lii~-^.“-Maiiufartiir<r 
of lion G.ill Ink. - - I.fig\\tifKl, Vanailiuiu, kVno, Amliii'.- UJ.u k Ink'-. O/lnuml Jnk.'^. - 
Ex.iiiiinaiioii 06 Writing Ink-. - PrintinflT InlCS. — E.nly Mtlhotl- of Maiiiif.irtiire. — 
Manufacture of Varni-h Illk^. — Pieparaiioii and Iin orpi/ration of the PignienL — I olonicd 
Priiiiiiig Ink-. — Copying Ink-. MaPklng Inks. - Natural Vegclable Inks. -Safety Ink:, 
and Paiicr-. — Sympathetic Ink-.-- Ink Powders and Tablets. — Appcithces. — Paie.it 
Spccificat’oiis, &c. 

** Tiioroiiglily well arrangef? . and of a gciniinely pnictic.-il order ’*~xij!ritish Printer. 

ir - . -p- .• - 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



8a ‘ OHARLIBS (1 RIFF fit A OO.'S PUBUgAfl^lSS. 

□TEXrrZlL.E INDU’S'mXES. 

• 

Srr oNi> •iOniTiov, Th jnmtihhf limsed Throaqh nit. In Two Lanje 


i nmu 


Cloth 


A MANUAlj OF DyAi'nG; ' 

FOR TH£ USE OF PRACTICAL 'DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEINO. 


E. KNECHT, Ph.D.. F.I.C., ( ' CHR RAWSON, F.I.C- F.C.S., 

HttMl uf ttiH ( )ii iiii< 1 } an I lU ^ ik 1 Hiatl >flie( inUtiy ami l>y»lnK l**^l>Mrtiurut 

tha I«N.liiiiial H hojl Mam 1 tHlt i , I tit f ilit Jnlim (lllr^f llrailf nl U«mher 

Joani >1 of the Hii Kty of IJytir and ( d iiflloflheS n ty ot Dyeni ami ( (no > 

And "RICHARD LOEWENTHAL, Ph.D. 

UKNKKAL CoN^’i NTS.— (JliMiiit rtl lechiiology oi thi* lextiLe Fabrica — 
\Vatt‘r - \Vashin<; ami Hloachint' Xcids, Alkalies, MordantH —Natural 
Colu;’{;itip MaLU !■»< Ailifici il Or^iimo Colon i in l' Mattel s Mineral Cqjourf 
- Maehiuery used inlJ^tiiiL' L iiictoi lal j*’! opr rtu s of Colouring Matters — 
Analysis and Valuation of Materi.Us iiserl in Dyt ing, I’to , &c. « 

' I bln luthoritMtnn and nxh instno wot I Ibo mohi (dmiiiti* wb havo y^t Hoen 

on thp N il)iB(‘t — Ptrlih Miiinittn unt 

c . 


, hi Lirnfi in l/iiiiil> ii I 'rfl /*p / »/ '/if >. H)’* Hft 

THE SYNTHETIC DYESTUFFS, 

\M) 

THE INTBi 2 HIhaiATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
U\ dOH iV ( AXiN KliL ( AIN, I) Sf ( M \n( hi sii k am) 1’i^i.iNt i s), 

^ I < (.tniK il < h( iDist, 

VNit dOC KIA N KIKIJ) 'rUOllPK, Pii I). (nini)LLitEK<.) 

l«((iuiY on < oloii^iiil' Mittds III (III \i<(o/in I iioiioitv ot Maiulusl i 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

“Wi liiiM' no III sit itnm 111 ill SI iibiiu tins til I* isi is oiii ol tin most b »ks 

Dial Ins .ippiMipil N\ ill .rm 'in iiii|>itiis tu lln stuil> of Ou'uiii ( h misti> 

Erimilh Chmn at '1 laiii ton out j 


C-iii/KfuifH Volunu to KtiFfht <£, Jinir',011 h ** Difnni/.’^ Jn Larqi 8\o. 

I llandoomf Cloth, Lilnauf >iti/lf . /Os ml. 

A DICTIONARY OF * 

t)YES, MORDANTS, & OTHER COMPO.UNDS 

USED IN DY&ING AND CAUCO PRINTING. 


With t annular. Pioptrtus, and Applications of the uanous sub ^ances describtd, 
and concise dnections for thtir Conwu rcial Valuation, 
and for the D< tection of Adulterants 

By QHRJsroi'HKU RAWSON, F.I.C., F.I’.S., 

OouHUltlUK Cbviulbt to till Hi bn In liuo PI iiitiis WoiitHoii ( o Author of “A Manual 

uf iMi'inff 


“WAI/l’KK JM OAHDNEi:. F.C.S., 

Head ortheDepaitnieiit of t'hi iiiintiy nnl n>« iii|., Hiadfonl Muni pal Technkal ColleKi* . 
Editor 1*1 (III * JoiniWoM D>nH ind Colourista,’ 

And W. K IiAYCO*CK, Ph.D., F.O S.) 

An ilitunl iiid ronstiltiiifr Clipiuist 


**Tiirn to the liook RB one mas on any oubieot, or any snbataDce m conneotlon with the 
trade, and a refeienoo » enre to bo runmi ibe autboi a have apparently left nothing out *' 
^Terij ie Afereurv ^ ^ ^ 

U 0 KD 0 M:hM(CES aniFFIN & CO.. LIMITED, EXETER STREET. STRANR 
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THB TiXTfLS Jiri>USTJtlS8. 

Lar(;c Sx't). >fu^ely lllustrateil with abd Fijfurcd in the Text. 

Uis. net. 

THE SPrNNING AND TWISTING OP LONG 
• I VEGETABLE* FIBRES '• 

^ (FLAX, HEMP, JUTE. VoW, Sc RAMIE). 

A Pfactirai Manual oj the most Modern Mrlhois as afipi td to the Harkling. Carding, 
Prepanng, Spinning, and Jivistiny oJ the Long Vegi tattle fibres of Cominerw 

. lU HianiKKT K. CAUTKl:,' i;ilfast*aird Lille. 

r.-NT". I.un;r Vf-i-tiiLiv I'lliivs 111 (.'iiiftiiii'K I’. Ilihi* siiiil <irtiwlli of 
the Spin i)#ig Kihic M:iiKets I Pun liuMni; Kaw M.itetlal. -Moiim ;4 luul 

PielIniiiiaiy'OiMU:ili'i"> ■ Il.ukfiiur ."tutin^ I Pi-p.inii|,' Tio* r.i..I-iip iiiul Mixiiu;. -- 
Tow r'orii hill'; (;ill The U.ivm;; J’Aiiu- lti\ ntul Ihnti ■■ .Sjiiniiini;. - W et 

HpinniiiK. - •'jiiiiiimj; W.-isic.- V.iiii llfehua- •H.ioui.u'ture of . Twliu-h, aikI 

('ords - Hi>ih* Makiiij; 1 he Mn hAiiUMl l>* pailiiuuil. — Moth'fu Mii ' •iistnirlioii. — 
Steam Hii'l W.itn Pnwrr Power 'ri;ni‘'iiiihsioii ^ 

“ Meet f tin ie<iuitemeiil'i «if tlie MilJ Maiiayci or \iivaiJ(-ei| .indent in n manner 
perliaps more I )i. Ill ball fill toiy . . . \Veiiiu.'«l hiudily (*oTti]neiii]|(Jie woi k ns tvpre- 

sentini: iiii-i'i-iiale iii,i> li<e." .\atui, ^ 


In Large Sro, Handsome Vlolh^ with Hinueioiis lU ust rations, J).-., ta > 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF . 

The Occurrence, Distribution, Preparation, and InduBtriiil 
Uses of the Animal, Vegetable, an(i Mineral 


Products used in Spinning and Weavin, 


By william l.^llANNA.N^^^ 

Lecturer on Hobmy at the Aslitoii Muuieipal r< elmicnl Sehool. I.ei;tiJt(‘i on (^'ottoii 
SjiinninK ^he C’hoHn'v NeieiiC' .oid Ait SeUool, He 


With Numerous Photo Engravings ftrom Nature^ 

‘•UhEFi'i lNKoRMAno^ 'u.h 1 1 1 1 .s’l KA'i lovw Tile information 

is not easily uttaiiiahle. aiiil in M'> I'rsBcni emfyenieiit loiin will he valiiahlo ' — JTexUle 
Recot drr ^ Jf 


In Iwiirge Svo,#with llluslr.ition.s and Prinieil l\iilerns. I’lice 2 is. 

textile: printing 

A PRACTICAL MANUAL. 

Inclnding the Processes Used in the Printing of « 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABKieS. 

By C. F. SEYMOUR ROTHWELL, F.C.Si, 

Mem. Soc. of Chemical Induetnes; late Lecturer at the Mnnxctpal Technical School, 

• Manchetier, • 

Gknkral pONTKNT-s. — Introduction. - The Machiuer# Usld in Textile 
Printing. -“Thi^jkeners and Aiordants.— The Priuting of Cotton Goods.— The 
Steam Style.— Colours Produced Directly on the FiV>re. ~ IJyed Styles*— 
Padding Style. — Resist and Discharore Styles.- -The Prii.tingisf Comiiound 
Colourings, &c.— The Printing of Wwoll^ Goods. -The Printing ol Silk 
Goods. — Practical Recipes for Printing -^useful Ta oil's.— Patterns. 

rAKTBKBKST Buci MOST PKAcriCAL HOOK ou TKiriu. PRtNTiNO whiuh hsB yet bfAU 
broaght out, and will long remain the n'atidard work on the subject It le eKbeutlally 
practical m character.’*— TV# life Mercut y • 

** Thk icobt practical manual of TFXTiLB pKiNTiNo whicb has yet appeared. We have 
ttO hesitation In reoom mending it'*— TVir Teriile SUinul x*'turtr. , . 

LONDON: CHARLES ^IFRN & GO.. LIMITED, EXETW STREET. STRAND. 
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84 CHARLm aitlFFIN d- GO.’S PUBLIOJ^^^^. 

f Large 8vo. Hazidsome Cloth. 12s. 6d. ' 

BLEACHING &(aAUCO-P{INTIN$l. 

A Short Manual for Students and 
. • Practical Men. 

By GEORiGlfi DUK,KK, , ‘ 

Director nf Ihu It'loaclitiiK, ])y<‘iii(r, .iricl I'rStiriK Deitartriit'iil at the AcrrinKton fSxi liacuii 
TcHlfiifal Hrlioois , Ctu-iuibt aii< Coloiiriat at thu Iru(‘il Print Worka 

A ss isTSKD BY W I Jj L I A M T U li N U U L L 

(or Tiiniliiill (b Htcickdale, Limitt'd). 

With 111 ustrati oils and upwards of One Hundred Dyed and Printed Patterns 
Resigned Hpcci{*^lly to show various Stages of the Processes descrilied. 

GENKHATi CONTENTS. Cotton, (^lanposition of; liLEACHiNu. New 
Processes; Pbtni'INO, Haiid-Dlock ; Flat-Pre.MH Work; Machine Printing - 
Mordants Styles ok i -ALK'o-ruiNTiNO : The ]>yed or Madder Style, Hesist 
Padiled Style, DifA.liarge aiul E^ctract Style, Chromed or Raised Colours, 
IiiHoluhle Colours, &c. - 'rhiekeiiers - Natural Organic Colouring Matters 
< -Tannin Matters — Oils, S<»apH, Solvents — Organic Acids -Salts — Mineral 
C<ih»urH"“Coal Tar Colours-- J lyeiiig — Water, Soficning of - -Theory <»f Colours 
—Weights and Measures, Ac. 

'* Whdti :i SRADT WAV out of H (littlmity i8 w.tiired. It I's ik booes li.hk rum that It m found.''— 
rutile tCfrorUfi'^. , 

“Mr. Deicuttti woitK will lio rnuml most r.sKPUL. . . . Tiio mroriuation /ivtm in of obbat 
VAUUI. . . . Tlio lloclpiiM (uo THoRoi\.jJLY rBACTiCAL.'’— 7Vmlr 


Second Ediiion. Revised and h'nlarged. With Numerous 
niustialioiis. 4s. 6d. 

GARMENT 

DYEING AND CLEANING. 

A Practical Book for Practical Men. 

B y E O A*G E 11. HUES T, F. C. S., 

IMciiibcr of ihi- Society of Chemical y. 

Gknkral Contknts. — T echnology of the Textile Fibres — Garment Cleaning 
—Dyeing Fabrics— Pleaching — Finishing of Dyed and Cleaned Fabrics — 

Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing — Stiaw l^lcaching and Dyeing — Glossary of Drugs 
ar i Chemical^v-Useful Tables. 

“ All ur-To-DATK h:kiid book has long beyru wanted, and 'Ir. Hur.st has done nothing 
more comulrte than this. iiniiiYrtafiPoi«rork, the more so that several of the branches of 
the craft heic treated upon are almost eiiiireiy without English Manuals lor the guidance 
of workers. The price brings it within the reach of all "—Dyer and CalicO’Prmter. 

** Mr. Hurst's woric urcidruiv fim.s k want . . ought to be in the hands of 

■▼BUY GARM>'ffT DVJIK and cle.uuT in the Kingdom” — Textile Mercury. 

lONDQN'.GHjlRLES GRIFFid A GO.. LIMITED, NIETER STREET. STRXNO. 



ipttODUaTORT SCISXOU SESHSH. SS 

‘ Boys cBvm J»OT HAVK A MOUK ALLUKINO iNTKubUOTION lO ■clenttfic punulU 
itaan these channing-loukiiig vuhinii-‘«.“--L(.‘tt‘er to tbe PiibllaherB fromVtlie Heftd* 


UMter of one of oi 
1 ■ Hand. 


>1^ grwt 
s^e|!1 


it Public Hchuols. 
loth, 7s. 6d. . iiil/, Freseutation, 8s. 6(1. 


DPEU-AIR STUDIES' U4 BOTAHY: 

• SKETCHES OF BRITISH WILD FLOWERS 
^ *IN. THEIR :iOMES. ' 

By R. LLOYD PRAEGiteR, B.A., .Af.R.TA. 

Illustrated by Drawings from Nature by S. RosAmond Praeger, 
and Photographs by R.^ Welch. 


(iKNKRAL CONTENTS. — A Daisy -Starred Pasture - Under the Ilawthorni 
— By the Diver — Along the Shingle — A Fragrant Uedgero'y— A Connen^ra 
.Bog — Where the Samphire grows — A Flowery Meadow — Among the C^orn 
(a^tudy in Weeda) — In the lloine the Alpines — A C'ity llubbihli-lloap — 
Qlossary. 

“A PttKSH AND STlMl'LATfNO book ... slkoiilil ttikii a high plnce . . . The 

IllUBtratioiiH are <irawu with much aklll." T/u‘ jfVmru. ^ 

" BEAUTIVULLT illustrated. . Oils t»f the M«>ST ACUURATK well ai 

1NTKRK8TING bookB of the kliid we have aoeu ” — AtAcncputn. 

“ Redolent with the Hoeut of woodland :unl meadow.” Thr‘ Stamlartl. 


With i2 FuH-hayo iituduaiionn from Photographs, Cloth. 

Second Edition, Revised. 8s, 6d. 

OPES-AIH STUDIES* m jGEOAOGY: 

An Introduction to Geology Out-cT-doorst 

By GHKNVILLK OOLB, F.O.S., M.K.I.A,, 

I’rofe.ssor of Geology In the Royal (’ollego of Science for Ireland, 
jiii^d Examiner iii tlio I'nlveralty t»f U>ndon. 

General Contents. — The Materials of the Earth — A Mountain Hollow 
— Down the Valley -'-Along the Shore — Across the Plains — Dead Voluan^riy^ 
— A Granite Highland — The Adnals of the Farth — The Surrey Hjlls— We 
Folds of the Mountains. 

The jciN^TiNO ‘GeaN Air Stcdiks' of Pkok (Joi.k give the nubfnet a oi.ow ofr« 
BSiMATTON . . . cannot fail to arouHc keen mtereHt in Koolo^y A/a{7o*f»)i' 

^ cUAiiMiKo HOOK, bo.iuiiful.y i'iuairatod ” - AiUenxutn 


Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper, 7s. 6d^ 

• OPEH'^fllH STUDIES m BIDD-IfIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR BE^UNTS. % 

By OHARLIjS DIXON. • 

The Spacious Air. — The Open Fiehls aiiih^Jowns . — hk the Hedgerows.— On 
Open Heath and Moor.— On the M<*iiitaiuK. — Amongst the Kvergreeiis. — 
Copse and Woodland.— -Hy Stre.ain and Pool. — The Sandy Wastes and Mud- 
flats. — Sea-laved Rocks. — Bml.s of the Cities. -^I ndkx. • 

'* Enriched with excellent illustrations. A welcome addition to all Hbrarie>>.”---ifVr/- 
ntifister*Rerinu. 

A #. A 9l. 

LONDON: CHARLES QRIFFIN & CO., LIMITEO- EXETEIN6TREET. |TRAy(j. . 



it5 OJtA/{i,I!S OHJFFIA’^ di CO-’^ PUBSttUTtONSi ? .> .* 

, . , V* 

Twerfty-third Annual Issue. Handsome oto th, 7s. 6^ 

' • (To S^biteribers, 6s.) . . '' /? \ 

THE OFFiaiAL YEAR-BOOK 


* , OF THE * 

SCIENTIFIC AND LEAHNEI*) SOCIETIES OF GREAT bitlTAIN 
AND IRELAND. 


COMPILED FROM OFFICIAL SOURCES: 

Comfiriaing {together with other Official information) , LI6TS of they 
PAPERS txfid during the Session 1903-1906 before all the LEADINQ' 
iiiSOCIETIES throughout th(. Kingdom engaged in the following (idpart- 
menta of Research : — ‘ • * 


§ I. Science Generally : Societies ocenuy- 

inf' themselv'cs with several lhaiichesof 
Science, or wit\ Science and [ateratiire 
jointly. 

^ A. Matheiiiatics and Pliysics 

^ j. Chemistry and Photograph v 

$ 4. Geology, (ieography, and Mineralogy. 

^5 4. Biology, including Microscopy anJ An- 
thropology 


i 14. MuDfClNK. 


$ 6. Economic Science and Stati.stics. 

S 7. Mechanical Science, Engineering, and 
Architecture 

5 S Nav.il and Military Science. 

§ 0. Agriculture and Horticulture. 

$ 10 Law. 

$ri. Literature. ^ 

{| 17 Psychology. 

$ 13. Archaeology. 


O’* 


“ Fills a veuy real want.”— EnKincertnff, 

“ Indlspknsai‘le to any one who may wish to keep himself 
abreast of the scientific work of the day.” — FAiinburgh Medical 
Journal. , . 

“ The Ykak-Book of Sociu'eirs is a Record which ought to be of the greatest u.sc for 
the progres.s of Science.” — Lord Plttyfair^ F.R.&., K.C.B.^ A/./’.. Past-President of th§ 
British Association. 

*'Tt goes almost without .saying that a Handbook of this subject will be in time 
orn. of the most generally useful wor ks for the libr.try >.»r the desk *’ — 7 'Ae 7 'itnes. 

""""^^’BntTbh Societies are now well repreaented in ttie Wear- Hook of the Scientific and 
Learned Societies of Great Ihiiain .lud Ireland.’" — (Ait. *' Sijcieiics " in New* Edition of 
*' Eocyclo(ia:dia Ihiiniunc.i," vul. sxii ) 


Copios of the First Issue, giving an Account of the History, 
Organiz...tion, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may^still be 
had, price 7/6. •• Also Copies oj the Issues following. 

* n 


The VKAK-wr tic ok .socipriKS foiiiis a complete iNtigx to tiik sciknti fi c work of the 
sessionar^JearTimur^rmonOrJi-partmeiits. U is uscil .is a H.vnduook in all our great 
SciHNTikir Ckntrks, Mi;>ri .m*., and ’^'ijkakiks throughout the Kingdom, and has become 
an INDiM-HNSAncB book of kkkkkrncf 10 evf ry one cngiigetl in Scientific Work. 


READY IN OCTOBER EACH YEAR. 

LONDON '. CHARLES GRIFflN & CO., LIMITED, wEXETER STREET, STRAND. 






